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ARKANSAS ACADEMY OF SCIENCE
?
Fifty-Second Annual Meeting
1
Arkadelphia, Arkansas
April5-6, 1968
'
OFFICERS
President - Dr. John J. Chapman
President-Elect _ _ Dr. Arthur Fry¦ Secretary _ - Dr. George TempletonTreasurer Dr. John P. Jones
Editor — Dr. Lester C. Howick
SECRETARY'S REPORT
The first business meeting was called to order by President
Chapman at 10:45 a.m. The members were welcomed to the campuses
of Ouachita Baptist University and Henderson State College by
Dr. Ralph A. Phelps, Jr., President of Ouachita Baptist University.; President Chapman called for a report of the officers:
SECRETARY:
> It was moved by Dr. Howard Moore that the reading of the
minutes of the fifty-first annual meeting be dispensed with since
they were published in the proceedings. The motion was seconded
by Mrs. Broach and the motion passed.
5
!•
v
TREASURER:
The following financial statement and summary was submitted
and discussed by Dr. J. P. Jones who then moved that this report
be accepted. It was seconded by Dr. H. J. Walters and passed.
5
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FINANCIALSTATEMENT
Balance on hand April 1, 1967 $1670.19
500.00
2170.19
Reserve Fund
Total Assets
31, 1968Receipts
—
April 1, 1967 — March
1. Dues 997.00
100.00
721.59
106.20
200.00
2. Sales of Proceedings
3. Overhead VSP program NSF
4. Reimbursement from NSF for secretary
5. AAAS — High school research grants
Total 2124.79
Disbursements — April 1, 1967
—
March 31, 1968
1. U. of A. Bookstore — Supplies 3.03
2. Talent Search.
—
Edward Whitfield 9.55
3. Talent Search
—
Johnny Shipman 15.00
4. Talent Search — Wanda Smith 9.55
5. U. of A. Bookstore
—
Supplies 10.20
6. AAAS
—
Annual Contribution 1967 5.60
7. Science News — Subscriptions Talent Search Winners 19.50
8. U. S. Printing Office — Booklet 2.00
9. Howard Moore
—
Expenses Jonesboro Meeting 58.10
10. Southwest Printing Co.
—
Academy Letterheads 29.82
11. Ward and Mooney Law Offices — Amending Incorporation 75.00
12. U. of A. Bookstore — Supplies 7.15
13. Janis Conrad
—
Salary (VSP Secretary) 53.10
14. Janis Conrad — Salary (VSP Secretary) 53.10
15. U. of A. Bookstore
—
Supplies .31
16. Paul Raines
—
Expenses Jr. Academy 400.00
17. Jr. Academy Research Grant
—
John Gillean 16.00
18. Jr. Academy Research Grant
—
Tom Clark 50.00
19. Jr. Academy Research Grant
—
Ramona Rice 15.25
20. Jr. Academy Research Grant
—
Connie Hasty 25.00
21. Jr. Academy Research Grant
—
Greg Miller 30.00
22. Jr. Academy Research Grant — Robert Matthews 24.00
23. Jr. Academy Research Grant
—
Michael Kieck 40.00
24. AAAS — Annual Contribution 1968 6.00
25. Jones Truck Lines — Freight for Proceedings 3.50
26. AAAS
—
Dues 1968 10.00
27. Ark. Alumni Assoc.
—
Postage mailing Proceedings 29.56
28. G. E. Templeton
—
Freight 1968 meeting material 2.75
29. Yoes Printing Co. — 400 copies Proceedings 954.02
L30. Southern State College
—
Postage meeting announcements 50.50
31. Marilyn Johnson
—
Postage 5.00
32. U. of A. Library
—
Xerox copies of financial statements 5.25
Total $2017.84
J6
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FINANCIALSUMMARY
Original Balance $1670.19
Receipts 2124.79
Total Receipts 3794.98
Less Disbursements 2017.84
Balance $1777.14
Reserve Fund 600.00
Interest on Reserve Fund 17.64
Total Assets April 1, 1968 $2294.78
DIRECTOR OF VISITING SCIENTIST PROGRAM:
The secretary reported that ithad become necessary to terminate
the Visiting Scientist Program after having completed only 28 of
the proposed 125 visits due to lack of funds available from the spon-
soring organization, The Valley Education and Research Founda-
tion.
DIRECTOR OF THE JUNIOR SCIENCES AND
HUMANITIES SYMPOSIUM:
Dr. Eugene Wittlake summarized the development and oper-
ation of the second Junior Sciences and Humanities symposium held
in Little Rock on November 30, and December 1, and 2, which was
sponsored by the Arkansas Academy of Science, the U. S. Army
Research and Development Office, the Pine Bluff Arsenal
-
U. S.
Army, the Arkansas Power and Light Company, Arkansas State
University with cooperation of the University of Arkansas Medical
Center and Graduate Institute of Technology. Dr. Wittlake ex-
pressed his appreciation to the planning board for their efforts in
making this year's program a success. Members of the board were:
Miss Ruth Armstrong, Dr. Howard Moore, Mr. Paul Raines, Lt.
Robert A. Brutram, Dr. Florence McCormick, Mr. Elmer Mayes,
Mr. Carl Born and Mr. Freeman Thomas. The operation of the pro-
gram was similar to that described in the minutes of the Fifty-First
Annual Meeting (Proceedings Volume 21) and it will again send
six students to the National symposium at the University of Iowa.
A total of 98 students and 43 teachers participated in the program.
Dr. Wittlake announced that the program was to be con-
tinued, upon Academy approval, and some $700 matching funds
had been solicited to date for this project.
7
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THE ARKANSAS BIOLOGY CURRICULUM
DEVELOPMENT CONFERENCE:
Mr. Robert Kirkwood reported for Dr. Neal Buffaloe that the
ABCD Conference had been held in cooperation with the Committee
for Undergraduate Education in Biological Science (CUEBS). He
indicated that the participants had a meaningful and productive
conference and were planning another conference for the Fall of 1968
at Hendrix College.
LEADERSHIP CONFERENCE ON SCIENCE
—
A PROCESS APPROACH:
Dr. Denver Prince expressed his appreciation for being selected
to represent Arkansas at this leadership conference and discussed
briefly the merits of this system for teaching science in the elemen-
tary schools. He indicated a more complete discussion would follow
in the Science Education Section.
THE PRESIDENT
Dr. Chapman inquired as to the status of the charter amendment
and application for tax exempt status and it was explained by the
secretary that our application was currently being reviewed by the
Internal Revenue Service.
Dr. Chapman appointed the following committees:
1. Meeting place for 1970
—
Dr. James Fribourgh and Dr.
Howard Moore.
2. Nomination Committee
Eugene Wittlake.
Dr. Dwight M. Moore and Dr.
3. Audit Committee
—
Dr. Mink and Mrs. Billie Broach.
Dr. Chapman reported that he had appointed a committee to
select persons to become fellows in the AAAS and had suggested to
them to select 2 per year. He also suggested that this committee be-
come a standing committee of the Academy with rotating member-
ship.
Dr. Chapman reported that the newly activated section of
archeology was functioning this year under Mr. James Sholtz and
there had been a proposal for the formation of a section on Ge-
ography.
A proposal for submission to NSF for a program of curriculum
improvement in secondary schools has been prepared by Dr. Chap-
man for consideration by the Academy.
8
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DR. MULLINS LETTER OF INVITATION:
President-elect Fry read a letter to the Academy from Dr.
David W. Mullins, President of the University of Arkansas, inviting
the Academy to have its next annual meeting (1969) on the campus
of the University of Arkansas, at Fayetteville.
The meeting was adjourned
SECOND BUSINESS MEETING
The second business meeting was called to order by President
Chapman at 1:00 p.m., April 6, 1968. He then called for a report
of the committees:
MEETING PLACE FOR 1970
Dr. Fribourgh reported that the committee in consultation with
E. E. Hudson from Arkansas Tech had selected the Tech campus at
Russellville for the 1970 meeting of the Academy. Mrs. Billie Broach
moved that the report be accepted, it was seconded by Dr. Lowell
Bailey and the motion passed.
NOMINATING COMMITTEE:
Dr. Dwight Moore reporting for the nominating committee
nominated Mr. M. L. Lawson for President-Elect. Mr. Ronald McGee
moved that the nomination cease and that Mr. Lawson be elected
by acclamation. It was seconded by Dr. Bailey and the motion
passed.
AUDIT COMMITTEE:
Dr.Mink reported that his committee had examined the treasurer's
report and found it to be true and accurate. Dr. D. M. Moore moved
that this report be accepted, it was seconded by Dr. P. M. Johnston
and passed.
AAAS FELLOWS COMMITTEE:
Dr. Frances Clayton reported for this committee which con-
sisted of Dr. George Bradley, Dr. Paul Sharrah, and Dr. Francis
Clayton. Dr. Clayton explained that the committee had selected two
nominees as per their instructions from the president but felt that
at least six other persons warranted this nomination. It was moved
by Dr. Clayton that all eight names be submitted. It was seconded
by Dr. Walter Meyer. After some discussion, the motion passed.
I
Dr. Clayton then read the list of persons the committee had
selected :
1. Dr. L. F. Bailey
2. Dr. Neal Buffaloe
3. Dr. Arthur Fry
9
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4. Dr. Howard Moore
5. Dr. Catherine Carroll
6. Dr. James Fribourgh
7. Dr. John Chapman
8. Dr. Samuel Siegel
Mr. Ronald McGee moved
accepted. It was seconded by
passed.
that the report of the committee be
Dr. Walter Meyer and the motion
Dr. Chapman explained that the committee would be responsible
for making their nominations to AAAS and selecting a successor
to replace Dr. Bradley who would be rotated off the committee.
There was a discussion of the proposal developed for submis-
sion to NSF for operation of a program for curriculum improvement
in secondary schools. After considerable discussion including a sug-
gestion to consult with the State Department of Education on this
matter, it was moved by Dr. Arthur Fry that the executive commit-
tee be impowered to revise the proposal as it deems desirable and
submit it to the NSF in the name of the Academy. The motion was
seconded by Dr. Bailey and the motion passed.
NEW BUSINESS
The question was raised as to the desirability of continuing
the co-sponsorship of our Annual meeting with the Valley Educa-
tion and Research Foundation and after considerable discussion, it
was moved by Dr. Fry that the question of continued co-sponsorship
of the Arkansas Academy of Science meetings by the Valley Educa-
tion and Research Foundation be decided by the executive commit-
tee. The motion was seconded by Dr. Wilbur Everett and the motion
passed.
President-elect Fry then asked for some discussion of the
various activities of the Academy and their relative merits in pro-
moting science in the state. After considerable discussion, Dr. Fry
moved that the Arkansas Academy of Science at its 52nd annual
meeting reiterate its strong support of and its sincere desire to con-
tinue the High School Visiting Scientist Program if appropriate
financial support can be obtained. The motion was seconded by Dr.
Meyer and the motion passed. Dr. Fry then moved that the officers
of the Academy be requested and urged to circularize (1) the former
Visiting Scientists (2) the high schools which have participated in
the Visting Scientist program and (3) a selected part or all of the
members of the Academy, concerning the effectiveness of and the
desirability of continuing the Visiting Scientist program under var-
ious financial contingencies. The motion was seconded by Dewey
Sifford and the motion passed.
10
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Dr. Chapman then discussed a letter he had written to Repre-
sentative Wilbur Mills urging him to consider legislation to exempt
certain scientific publications from taxation by the Internal Revenue
Service. There was considerable discussion of this matter but no
action was taken.
Th,ere was considerable discussion on the participation in the
Academy by persons in industry in the state. Dr. Fry moved that the
executive committee be authorized to establish additional sectional
meetings on a provisional basis, subject to ratification at the next
annual meeting. It was seconded by Dr. Sharrah and the motion
passed.
Dr. Bailey pointed out that the revitalization of the Junior
Academy this year had been due to the leadership of Mr. Paul Raines.
He moved that the Academy express its appreciation to Mr. Raines
for his efforts in this matter. Itwas seconded by the Secretary and
the motion passed.
Dr. Fribourgh felt that the Academy's appreciation should
be expressed to Ouachita and Henderson for the fine facilities and
arrangements for this meeting. He so moved. The motion was seconded
by Dr. Howard Moore and was passed.
Dr. Chapman then turned the meeting over to Dr. Fry who
called for adjournment.
11
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GUIDELINES FOR AUTHORS
Eligibility of publication in the Proceedings is limited to those
papers which have been presented at the annual meeting by one of
the authors. In addition, at least one of the authors must be a mem-
ber of the Academy except that the Editorial Board is authorized to
accept articles for publication from invited speakers. In all cases
manuscripts must be presented to the section chairmen at the time
of the reading of the paper. The Editorial Board reserves the right
to edit, shorten, or reject any papers submitted to it. In general, all
submitted papers willbe reviewed by persons competent in the area
of study.
Manuscripts should be clearly typewritten, double spaced
throughput, with the format followed being that of a commonly used
journal in the area of study. Illustrations may be used but special
care should be exercised to insure that drawings and photographs
are of the highest quality. Such illustrations should be properly pro-
portioned to fit the Proceedings page and lettering should be large
enough to be legible upon size reduction. Manuscripts willnormally
be limited to ten (Proceedings) pages with pages in excess of this
being charged to the author at cost. In addition, authors may be ex-
pected to bear charges arising from exceptional typesetting or illu-
stration.
The Editor willinform authors of the arrangements for ordering
reprints and of the cost of reprints at the time that corrected page
proofs are prepared.
12
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PROGRAM
ARKANSAS ACADEMYOF SCIENCE
Fifty-Second Annual Meeting
Ouachita Baptist University and Henderson State College
Arkadelphia, Arkansas
Friday, April5
Ouachita Baptist University
9:00 a.m. to
4:00 p.m.
REGISTRATION
—
Senior and Collegiate
Academy
9:00 a.m. to
12:00 noon
REGISTRATION
—
Junior Academy
9:15 a.m. to
10:00 a.m.
COLLEGIATE ACADEMY
—
Executive Com
mittee Meeting
9:30 a.m. SENIOR ACADEMY — Executive Committee
Meeting
10:00 a.m. to
10:50 a.m.
COLLEGIATE ACADEMY AND JUNIOR
ACADEMY
—
Address: "The Effect of Engineer-
ing Development on River Systems"
—
Dr. Joe
Nix, Chemistry Department, Ouachita Baptist
University
10:45 a.m.
11:00 a.m.
SENIOR ACADEMY
—
Business Meeting
JUNIOR ACADEMY — Mixer
11:00 a.m. to
11:45 a.m.
COLLEGIATE ACADEMY
—
Business Meeting
11:40 a.m. to
1:00 p.m.
LUNCHEON
—
Science Fair Judges
12:00 noon to
1:15 p.m.
LUNCHEON
— Collegiate Academy of Science
1:15 p.m. to
4:00 p.m.
COLLEGIATE ACADEMY — Presentation of
papers
1:30 p.m. to
2:30 p.m.
JUNIOR ACADEMY
—
Business Meeting
2:30 p.m. to
3:30 p.m
JUNIOR ACADEMY PAPERS
3:45 p.m. to
5:00 p.m.
SCIENCE EDUCATION SECTION
13
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4:00 p.m. to
5:30 p.m.
SCIENCE FAIR
6:30 p.m. to
7:45 p.m.
BANQUET — Combined Academies
7:45 p.m. to
8:40 p.m.
SCIENCE FAIR AWARDS
7:00 p.m. to
10:30 p.m.
SCIENCE FAIR
8:45 p.m. to
9:45 p.m.
SENIOR ACADEMY
—
Address: "Remote Sens-
ing of Environment"
—
Dr. Joseph Lintz, Jr.,
Mackay School of Mines, University of Nevada.
Saturday, April 6
SCIENCE FAIR
Gymnasium
—
open to the public
—
Walton8:00 a.m. to
11:30 a.m.
JUNIOR ACADEMY
—
Tour of Local Industry
—
Reynolds Metal Company
8:00 a.m. to
10:00 a.m.
7:30 a.m. to
9:00 a.m.
8:00 a.m. to
10:00 a.m.
8:30 a.m. to
9:30 a.m.
9:00 a.m. to
10:00 a.m.
10:00 a.m. to
12:00 noon
12:00 noon to
1:00 p.m.
1:00 p.m. to
2:00 p.m.
2:00 p.m. to
Saturday, April 6
Henderson State College
BREAKFAST
—
Arkansas Science Teachers
Association
REGISTRATION
VISITING SCIENTIST
—
Conference for "Visit,
ing Scientists"
SCIENCE TALENT SEARCH PROGRAM
SECTION MEETINGS
—
Senior Academy
LUNCH HOUR
BUSINESS MEETING — Senior Academy
SECTION MEETINGS
—
Senior Academy: t
4:00 p.m.
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SECTIONAL PROGRAM
ARKANSAS JUNIOR ACADEMY OF SCIENCE
PRESIDENT: BillAdams
Benton, Arkansas
"A Comparison of Plant Communities and Physical Environments in
the Lake Weddington Area — Fayetteville, Arkansas," by Tom
Hecox.
"Nutritional Studies of Escherichia Coli Using Radioactive Tracers,"
Connie Sue Haisty.
"Dermatoglyphics :A New Medical Clue in Mongolism," by Michael
Roe.
"The Effect of Centrifugation of Pea Seeds at 30, 60, and 90 Minute
Intervals," by Larry Baker.
"New Potential for Ultraviolet Radiation," by Brude Proctor.
"Precipitation and Short Leaf Pine Growth." by Gregory Ferguson.
"The Effect of Light Changes on Mice," by Charlotte Atchley.
"Transmission of Radio Signals Underwater," by Joe Carver.
"Direct Current Arcing," by Joey Jones.
"Pythagorean Triplets," by Ron Napier.
"Calculating the Orbit of a Satellite," by Leon Blue.
"Factors Influencing the Falvanic Reaction," by Wayde Robertson.
"A Study of Entropy and the Second Law of Thermodynamics," by
Martha Adams.
"The Effects of Radiation on Mice," by Jeri Ann Stevens.
"The Chemistry of Digestion," by Cindy Isbell.
"The Effects of Ultra Low Pressure on Body Functions," by Keith
Jones.
"Comparative Study on the Effect of Color on the Memory of Ele
-
mentary Children," by Randy Auman.
COLLEGIATE ACADEMY OF SCIENCE
PRESIDENT Curtis Barton
University of Arkansas
"On Factorization of Primes in Quadratic Extension Fields," by'
Curtis Barton.
15
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"Taxonomic Studies with a Species of Achromobacter" by Harold
Betton.
"The Origin of Manganese in the Water Supply of Greers Ferry
National Fish Hatchery," by Jim Larkin.
"Physiology of Red Pigment Production Following Wounding of
Imbibed Xanthiwm Seeds," by James Dodson.
"The Extraction of Trace Metals with Diethyldithiocarbamate," by
Tom Goodwin.
"Synthesis of and Preliminary Antibacterial Studies on some para-
Substituted 2-Pyridyl Acetophenones," by Wayne W. Daily and
James Frederick.
"Chronopotentiometric Behavior of Bismuth in Hydrochloric Acid,"
by Cynthia E. Wilson.
"Identification of and a Postulated Mechanism for the Formation of
2-(l-Indanylidene)-l-indanone During the Polyphosphoric Acid
Catalyzed Synthesis of 1-indanone from Hydrocinnamic Acid,"
by William Dempsey.
"Anthocyanin Formation inAchlorophyllous Leaf Tissue of Exogenous
Carbohydrate Feeding," by Frank Holder.
SCIENCE EDUCATION SECTION
CHAIRMAN: Harlan McMillan
College of the Ozarks
"Science
—
A Process Approach," by Denver Prince.
Analytical Chemistry
—
What Now? Report on a symposium held
at Louisiana State University in January, by Alex Nisbet.
The Undergraduate Research Program in Chemistry at Ouachita
Baptist University. Wilbur W. Everett.
ARCHEOLOGY SECTION
CHAIRMAN: James A. Scholtz
Henderson State College
"The Study of Arkansas Archeology," by Hester A. Davis.
"The Role of the Amateur in Arkansas Archeology," by Charles
Figley, Jr.
"Prehistoric Development in Southwest Arkansas," by Michael P.
16
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"Culture History in Southwest Arkansas," by Burney B. McClurkan.
"Introducing Northeastern Arkansas Prehistory/' by Dan F. Morse.
"A Summary of Prehistory in Northwest Arkansas," by James A.
Scholtz.
BIOLOGY AND AGRICULTURE SECTION I
Zoology
CHAIRMAN: Elizabeth Brinkley
Presiding: Adelphia Basford
Henderson State College
"A Survey of Albino Birds in Arkansas," by Earl L. Hanebrink.
"The Satyrs and Wood Nymphs of Arkansas," by E. P. Rouse.
"A Preliminary Study of the Spiders of Clark County Arkansas
Compared with a Five Year Study of Mississippi Spiders," by
Peggy R- Dorris.
"Maturity and Spawning Periodicity of the Gizzard Shad, Dorosoma
cepedianum (Lesueur), in Beaver Reservoir," by Raymond E.
Baglin, Jr. and Raj. V. Kilambi.
"Age and Growth of the Longear Sunfish Lepomis megalotis
(Rafinesque) in Arkansas Waters," by Edmond J. Bacon and
Raj V. Kilambi.
BIOLOGY AND AGRICULTURE SECTION II
Botany
CHAIRMAN: Elizabeth Brinkley
Henderson State College
"The Enigma of Penstemon tenuis Small (Scrophulariaceae)," by
Aileen L. McWilliam.
"Coreopsis saxicola Alex. Var. duncanii Sherff (Compositae) in Ar-
kansas," by Edwin B. Smith.
"Mitochondria in Living Fungal Cells," by George G. Smith.
"Spherosomes in Living Fungal Cells," by Vivien N. Armentrout.
"Microirradiation of Basidiobolus ranarum, with a TRG Biolaser,"
John L. Robertson and Charles L. Wilson
17
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"Translocation of tobacco ringspot virus in zinnia roots," by Billy J.
Moore and J. M. McGuire.
"Plastid Transformations in Ripening Solanaceous Fruits," by
WilliamM. Harris.
"Purification of Soybean mosaic virus," by Wayne Horn and H. J.
Walters.
"Procedure for Assay of Nanomolar Amounts of ATP," by P. L.
Wickliff.
"Modification of Etiolated Growth of Corn Seedlings by Red Light,"
by Steven O. Duke.
is a cyclic tetrapeptide," by G. E."Tentoxin from Alternaria tennis
Templeton.
"Report on the Gramineae of the Arkansas Springfield Plateau," by
Albert Robinson, Jr. and Dwight M. Moore.
CHEMISTRY SECTION
CHAIRMAN: Wilbur W. Everett
Ouachita Baptist University
"The Synthesis and Solvolysis of p-bromobenzenesulfonate Esters
of 2-Hydroxy-5-Keto Bicyclo [2.2.1] Heptane," by Joe C.
Greever.
"Studies of Thermal Decompositions using Differential Scanning
Calorimetry," by Paul D. Gwinup.
"An Extraction Concentration Method for the Atomic Absorption
Determination of Iron, Manganese, Copper, Nickel, Lead, Zinc,
and Chromium," by Joe Nix.
"Heterocyclic Aromatic Fluorides by a Modified Shieman Method,"
by Frank L.Setliff.
"Oxygen Exchange in p-Methylbenzophenone at Low Acid and Low
Base Concentration," by Willoughby F. Meek and Arthur Fry.
"Chronopotentiometric Behavior of Mercury (I) and Mercury (II)
inPerchloric Acid," by Alex R. Nisbet.
"Methyl Rearrangements in theTr-Bromination of a-Bromocamphor,"
by Walter L. Meyer, A. P. Lobo, and R. N. McCarty.
"The Acid-Catalysed Rearrangement of Phenyl and Carbonyl Labeled
Phenyl Benzhydryl Ketone," by Thomas E. Clark and Arthur
Fry.
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"Mathematics of the Vosburgh-Cooper and Mole Ratio Methods of
Complex Determination," by James O. Wear.
"The Specific Conductance of Concentrated Solutions of Magnesium
Chloride in the Water-Ethanol System," by A. Than and E. S.
Amis.
"Kinetics of the Cu(II) Ion Induced Dimerization of Bovine Plasma
Albumin," by W. W. Everett, Charles H. Wilson, Hoy Speer,
Len Blaylock, Joe Porter, and Dick Ewing.
GEOLOGY SECTION
CHAIRMAN: WilliamM. Caplon
Arkansas Geological Commission
Papers read by title only:
Proetid Trilobite From The Boone Formation in Arkansas
A Trilobite From Lower Ordovician Rocks in Arkansas.
Osagean Trilobites In Arkansas.
Geology of the Blanchard Springs Area," by Don E. Williams.
Functions and Procedures of the Arkansas Oil and Gas Commis
sion," by WilliamE. Wright.
Multiple Porosity Techniques to Define Lithology," by Russell O
Brown.
'The Engineering Application of Ground Water Studies in the
Lower Arkansas River Valley," by Benny Swafford.
'Hydrogeochemical Prospecting," by Charles T. Bryant.
'Geologic Factors Affecting Floods in Arkansas," by John N.
Sullavan.
"Landslide Correction in Highway Construction," by Joe D. Magness.
'Geology of the Wilson Springs Vanadium Deposits," by J. S.
Hollingsworth.
PHYSICS SECTION
CHAIRMAN: Clark W. McCarty
Ouachita Baptist University
'The Design of an Instrument to Measure Absorption and Velocity
Dispersion of Sound in Gases at High Temperature," by Gary
Strain.
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"Magnetic Quantum Numbers and Crystal Symmetries," by H. Tied-
ing and O. Plummer.
"X-Ray Diffraction Study of Liquid Chloroform," by J. Hendren,
W. Yancy, and G. Clayton.
"Thermostatic Cooling System for Liquid Studies," by C. Rogers
and G. Clayton.
"AKilocycle Sample Rotating System," by John Gray and M. Day.
"Relativistic Equilibrium Thermodynamics," by Charles J. Armen-
trant.
MATHEMATICS SECTION
CHAIRMAN: John R. Hodges
Little Rock University
"Least Squares Estimation with Inequality Constraints," by James
E. Dunn.
"Sets with Transform Semigroups," by Naoki Kimura.
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A SURVEY OF ALBINOBIRDS INARKANSAS
Earl L. Hanebrink
Arkansas State University
INTRODUCTION
Itis the purpose of this paper to record the results of a survey
made of albino birds in the state of Arkansas. A record of sight
identifications and museum specimens were used in this study.
Previous papers concerned with albinism of avian fauna in-
clude those of Ruthven Deane (1876, 1879, and 1880), McGregor
(1900), and Ross (1963). Nero (1954) made an extensive study on
plumage aberrations of the Redwing Blackbird (Agelaius phoeniceotis)
and other related icterids. Weller (1959) reported on albinism in
grebes. Various notes appear in the literature concerning albinism
of a particular species. This is the first attempt to gather informa-
tion on albinism in birds from the state of Arkansas.
• Quantitative studies of plumage aberrations in wildbirds inr
eludes a study made by Michener and Michener (1936) and Hicks
(1934). The Micheners reported that from 30,000 birds of various
species (excluding the House Sparrow, Passer domesticus) handled
during banding operations, only 17, or about 0.05 per cent, showed
any form of albinism. In the study made by Hicks 10,000 European
Starlings (Sturnella vulgaris) were examined and 11, or 0.1 per
cent were found with some form of albinism.
The genetics of albinism was studied by Mclllhenny (1940)
in the Mockingbird (Mimus polyglottos). This trait was found to be
inherited as a simple recessive character.
ACKNOWLEDGEMENTS
Iam indebted to many of the members of the Arkansas
Audubon Society, wildlife refuge managers, biology staff members
from institutions of higher learning, hunters and collectors through-
out the state.
Mrs. Ruth Thomas and Mrs. Edith Halberg were most helpful
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imens from the University collection.
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METHODS
A questionnaire was prepared and mailed to members of the
Arkansas Audubon Society, wildlife refuge managers, biology staff
members from institutions of higher learning, hunters and collectors
throughout the state. The writer was interested in collecting infor-
mation on sight records and museum specimens collected in the
state. Information requested included a description of the bird as
to degree and form of albinism, location, date seen or collected and
the species.
DISCUSSION AND RESULTS
The term albinism has been generally applied to animals show-
ing some degree of abnormal white or depigmentation. Pettingill
(1956) recognizes four degrees of albinism in birds. (1) Total al-
binism, when the pigment is completely absent from plumage, irides,
and skin; (2) incomplete albinism, when the pigment is completely
absent from the plumage, or irides, or skin, but not from all three;
(3) imperfect albinism, when the pigment is reduced or diluted in
any or all three areas but never completely absent, and (4) partial
albinism, when the pigment is completely or partially absent from
parts of any or all three areas. This latter type was found to be
most frequent by Nero (1954) and Ross (1963). In this study this
type made up 43.6 per cent of the total forms of albinism
Sight records do not lend well to the above catagories in
describing albinism as often the detailed observations are not made
and reported. Even in museum specimens some of the necessary in-
formation is not recorded when the skin is prepared and it is im-
possible to determine the color of the irides for proper classification.
In this study there was no attempt to separate total albinism from in-
complete albinism. It was possible to distinguish from descriptions
imperfect from partial albinsm. Therefore birds are listed in Table 1
under three headings with no differentation of complete and incom-
plete.
A total of 78 specimens of 26 species were reported from
throughout the state. These include sight records and museum spec-
imens from 22 counties of the state. The 26 species were repre-
sented in 16 different families and from four orders. The most
numerous reports of albinism among bird species were found in
the House Sparrow (Passer domesticus) 14, Mallard (Anas pla-
tyrhyncko8) 9, and the Robin (Turdus migratorius) 8. Ross (1963)
found more albinism among waterfowl, game birds, blackbirds, and
finches than in any of the other families. In his findings the Robin
far exceeded any other species in numbers of albinos found. This was
followed by the House Sparrow and Common Crow. Deane (1876)
states: "the most interesting and striking cases of albinism are
those found among the Icteridae and Corvidae".
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Edson (1928) records the most unusual occurrence of partial
albinism among 500 Brewer's Blackbirds {Euphagus cyanoeephalus)
in which seemingly 40 per cent of its members showed partial albin-
ism.
Chapman (1939) states "albinism is not unfrequent among
birds^ and may occur in any species. It is however, rarely completeirdff
but more frequently affects a part of the plumage". Chapman be-
lieves albinism is more or less a degenerate condition and may be
due to excessive inbreeding among a comparatively limited number
of very local individuals.
ANNOTATED LIST ACCORDING TO FAMILY
ANATIDAE¦
Mallard (Anas platyrhynchos) Linnaeus. A total of nine spec-
imens were reported, five of which were complete and four imperfect.
Mr. J. O. Tooley reports observing a complete albino mallard on
Bayou Meta in November 1949. Recorded from Arkansas County.
• Mrs. Howard Stern reports one complete albino mallard killed
and mounted by a hunter in Jefferson County. A second male was
reported by Dr. Russell fide Mrs. Howard Stern from Jefferson
County. This duck had pronounced variation in the shading of the
neck and the head. The ring was visible. The bird was mounted but
later disposed of.
•
Bobby Moore and James Houston report observing a mallard
at Big Lake Wildlife Refuge on 10 January 1967. This duck was
completely white.
->
Bill Baker and Pete Garris reported a complete albino mallard
seen in November 1966 from Jefferson County. The location of this
sight record was approximately two miles from Humphrey.
Dr. Rex Hancock has two mounted mallards inhis office. These
were killed in November 1962. The male and hen are imperfect
albinos. Both are light honey colored. From the same area Andy
Smith killed a complete albino mallard hen during the same hunting
season. These were collected near Stuttgart in Arkansas County.
'
Dennis Holland, Refuge manager at Holla Bend National Wild-
life Refuge reported a hen mallard first observed on 6 November
1966 and last seen 17 January 1967. This specimen had honey colored
wings. Other parts were of typical coloration including the bill.This
report is recorded from Pope County.
CATHARTIDAE
Marsh Hawk (Circus Cyaneus). Pete Garris and Bill Baker
reported a complete albino from Arkansas County. This specimen was
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observed two miles south of Stuttgart during the month of December
1966.
PHASIANIDAE
Bob-White (Colinns virginianua). One partial albino Bob-
White was reported from Craighead County during the fall of 1966
— Anonymous.
Mrs. Howard Stern reported two imperfect albino Bob-Whites
from Jefferson County These specimens were extremely light buff
colored.
J. O. Tooley reported a complete albino Bob-White observed
for two months near Carlisle in January and February 1950. This
report is from Lonoke County.
MELEAGRIDIDAE
Wild Turkey (Meleagris gallopavo). One specimen, a partial
albino was reported by R. R. MeMaster, Refuge Manager at the
White River National Wildlife Refuge in Arkansas County. The
date of observation was 8 December 1965.
PICIDAE
Pileated Woodpecker (Hylatomus pileatus). 3. O. Tooley re-
ported a sight record of a partial albino seen in February 1964. The
location was approximately 15 miles southeast of Monticello in
Drew County.
Red-headed Woodpecker (Melanerpes erythrocephalus) . One
observed three times in December of 1966 by H. W. McMillan of Ar-
kansas County. As far as could be ascertained the specimen was a
complete albino.
ALAUDIDAE
Horned Lark (Eremophilia alpestris). Dr. Douglas James re-
ports a sight record of a partial albino seen on 9 January 1964 from
Washington County.
HIRUNDINIDAE
Tree Swallow (Iridoprocne bicolor). One complete albino was
reported by Mrs. Howard Stern from Jefferson County. Colored slides
were taken of this bird.
t o xrir . no ru oi u liu jciiwsuiivjuuiuy. uui x u uu s
t
CORVIDAE
Blue Jay (Cyanocitta cristata). Four partial albinos were re-
ported. Mrs. Howard Stern reported one observed from Jefferson
24
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L County. Sterling Lacy reported a partial albino Blue Jay recordedduring the summer of 1966 from Magnolia in Columbia County.
Jesse H. Crossett of Little Rock reported a Blue Jay with a white
Phead and some white on the back as a daily visitor at a feeder inhis yard in February of 1968. Mrs. Louise Miller reports a BlueJay with head completely white, including the throat and area¦ normally incircled by the dark collar. The bird was first observedin November 1964.
Common Crow (Corvus brachyrhynchos) . Charles Green re-
ported an imperfect albino crow sighted four miles west of Searcy.
I This bird remained in the area approximately four months during1965. It was described as being a dirty cream color This report is
from White County.
MIMIDAE
Mockingbird (Mimus polyglottos). J. O. Tooley reported a com-
plete albino Mockingbird seen at the Drew Memorial Hospital in
July of 1958. This record is from Drew County.
I A partial albino Mockingbird was observed by John. Giudicein the spring of 1967 in Stuttgart (Arkansas County). Mrs. Pearl
Brosius of Little Rock wrote that a pure albino Mockingbird had
lived in her yard during the summer of 1967.
TURDIDAE
Robin (Turdii8 migratorius) . A total of eight specimens have
been reported, three of which were complete and five were partial
I albinos. Dr. Douglas James reported a complete albino Robin inthe University of Arkansas collection (UAZ No. 690 Juv.) collected23 June 1932. Dr. William Scarlett reported a complete albino fromConway (Faulkner County) seen during the summers of 1966 and1967
A partial albino Robin was reported by Dr. Douglas James
I as seen on the University of Arkansas campus during several breed-ing seasons in the 1950's.
A nesting partial albino Robin was reported by Roy Smith of
Bauxite (Saline County) in the summer of 1966.
Dale Jackson reported an incomplete albino Robin with back
and tail white and breast of a pale orange color seen in July 1967
at Conway Arkansas (Faulkner County).
I Cecil Bittle reported that a partial albino female Robin raisedtwo clutches of young on the Experiment Station Campus at Hopeduring the summer of 1967. The wings, head and tail of this bird
were white and the breast was a pale orange. Eyes and beak were
normal. Paul Klipsch of Hope, Arkansas has an excellent color slide
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taken of this bird at her nest feeding the young. This record is
from Hempstead County.
InJune 1967 Dr. George W. Harrod observed an albino Robin
in his garden between his home and that of his sister, Mrs. Homer
C. Richie, located about five miles east of Conway. This bird was
mated to a Robin of normal color.
J. O. Tooley reported a partial albino Robin seen at the Wilmar
school grounds in Drew County during March 1952. This bird re-
mained in the area for nearly two weeks.
BOMBYCILLIDAE
Cedar Waxwing (Bombycilla cedrorum) . Dr. William Scarlett
reported a partial albino seen on 18 February 1962 at 1016 N. Taylor
Street in Little Rock by Mr. and Mrs. Ross Jamison, Mr. Henry
Halberg and Mrs. William Scarlett. This bird was of a creamy
white color with the exceptions of a brownish crest and colored wax
tips on the wings.
Mr. G. W. Click fide Mrs. Howard Stern reported a complete
albino associated with other Cedar Waxings on 22 March 1967 from
Columbia County.
LANIIDAE
Loggerhead Shrike (Lanius ludovicianus) . One total albino
was collected by J. O. Tooley at Wilmar in Drew County. This spec-
imen was mounted (ASUM. Jov.) and is located in the albino case
at the Arkansas State University Museum. This specimen was col-
lected 1 July and described by Hanebrink (1968b).
STURNIDAE
Starling (Sturnus vulgaris). Three records of partial albinos
were reported. Dr. Henri Crawley, Department of Biology, Ar-
kansas Polytechnic College reported a captured partial albino that
was kept in the science building for approximately two months dur-
ing January and February 1960. This bird died and was disposed of.
John Giudice observed a partial albino Starling in the late
fall of 1966 at Stuttgart (Arkansas County).
A third partial albino was observed by Ben Armstrong in
Jonesboro on 7 January 1968. This bird was feeding with a flock
of about 50 Starlings in a backyard. The bird was of normal color
with the exceptions of white in the wings and belly region.
PLOCEIDAE
House Sparrow (Passer domesticus). A total of seven partial,
six complete and one imperfect House Sparrows were recorded.
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John Giudice reported a complete albino sighted three miles
east of Stuttgart in the spring and summer of 1967 (Arkansas
County).
During the fall and winter of 1965 a complete albino House
Sparrow was observed in Jonesboro (Craighead County)
—
Anony-
mous.
A complete albino House Sparrow was reported by Mr. and
Mrs. Larry Burns on their farm in Craighead County during August
1967.
Mr. and Mrs. Charles Wheeler and Mrs. William Scarlett ob-
served a complete albino House Sparrow in Little Rock during the
early 1960's (Pulaski County).
J. O. Tooley reported a partial albino House Sparrow in his
backyard on 5 December 1967 (Drew County).
Two partial albino House Sparrows were reported by Mr;G. W.
Click and Mrs. Louise Miller fide Mrs. Howard Stern from Jeffer-
son County. In one of these the plumage was normal except for the
area, which was white beginning just below the head extending down
the back, but not all the way to the tail. The white area was bi-
laterally asymmetrical in that the white extended farther down on
the right side than on the left side of the body. This was a male
House Sparrow. The second report was of a bird with white blotches
on the back. These birds were recorded from Jefferson County on
28 January 1966 and February 2, 1968.
Mr. Alonzo Roberts of Springdale observed and reported two
complete albino House Sparrows seen during the summer of 1967.
The first bird, a dingy white bird was caught in a trap. It was ob-
served to have pink eyes. A second clean white bird appeared later
in the summer. Both birds disappeared in the fall.
A female House Sparrow of normal color except for a pure
white tail with one middle dark feather lived in the yard of the
W. W. Kimbrough Sr. home near Fayetteville since the early summer
of 1967.
Mrs. C. G. Womble reported a partial albino House Sparrow
from Warren (Bradley County). As far as can be ascertained this
bird was hatched during the early breeding season of 1966 and has
remained in the area for two months. Coloration reported for the
bird was that it had a white tail and rump patch. Other parts of
the plumage was of normal color.
Syd McMath reported a partial albino House Sparrow from
Hope (Hemstead County). This bird was observed during the winter
of 1966. In this specimen most of the back feathers were white and
some of the rectricies were also white.
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Mrs. William Scarlett reported a partial albino seen in Little
Rock (Pulaski County). This bird was observed in the early 1960's.
Coloration was normal with the exceptions of several white blotches
on the body.
Imperfect albinism was observed in a House Sparrow by the
writer during early September 1967. This bird was seen from the
roadside between Monette and Blytheville (Mississippi County). The
bird was of a uniform buff color and was found perched on a tele-
phone wire with a flock of other House Sparrows.
ICTERIDAE
>Red-winged Blackbird (Agelaiua phoeniceus). One partial albino
Red-winged Blackbird was reported by Mr. and Mrs Larry Burns
on their farm in Craighead County. This bird was entirely white
with the exceptions of the red epaulets of the wings.
Jane E. Stern and Rachael Blaser fide Mrs. Howard Stern
reported from Jefferson County a normal colored Red-wing except
for white feathers in the tail. This bird was sighted on 17 May 1964
in Lincoln County.
»
Common Grackle (Quiscalus quiscula). A total of eight spec-
imens have been reported. Four of this total were complete, three
partial and one imperfect.
A complete albino Common Grackle was taken from a flock of
Common Grackles in November of 1963 near Gibson Switch in
Craighead County. This specimen has been mounted (ASUM) and
is placed in the albino case at the Arkansas State University Mu-
seum. The descriptions and measurements have been described by
Hanebrink (1968a). A second albino Common Grackle was seen by
Robert Lowery near Gibson Switch on 29 January, 1968. This bird
was among some 500 Common Grackles feeding in an open field.
>
An albino Common Grackle was seen on 24 November 1967
by LowellSmith fide Haldor Wilkes near Violet Hill in Izard County.
Dr. William Scarlett reported a complete albino Common
Grackle inhis back yard in LittleRock on 9 January 1968. This bird
was feeding on grain which was scattered on the ice. This bird was
among other Common Grackles.
A partial albino Grackle was observed by the writer near Cash
in Craighead County during the early winter of 1964. This bird had
white feathers in the rectricies. Itwas amongst a large flock of
Common Grackles feeding in a cut over soybean field.
Jimmy Bragg reported a Common Grackle seen approximately
three miles southwest of Weiner in Poinsett County on 25 November
1
l r
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11967, In this specimen most of the tail feathers were white and there
was also some white on the belly region.
J. O. Tooley reported a partial albino Common Grackle seen
in his backyard in March 1951. This bird remained in the area for
aproximately two weeks. This report is from Wilmar in Drew
County.
I Edith Chapman fide Ruth Thomas reported a Common Grackle
with light buff head and a pinkish white body in Little Rock 25
February 1968.
Brewer's Blackbird (Euphagus cyanocephalus) . One bird was
reported in the Arkansas Gazette on 25 February 1968 fide Ruth
IThomas. This bird was at the Jack K. Crabtree home in North LittleRock on 2 January 1968. The bird was described as having a lightbrown head and white body.
a Brown-headed Cowbird (Molothurus ater). An imperfect al-bino Brown-headed Cowbird was collected by Robert Lowery froma flock of mixed blackbirds near Gibson Switch in Craighead Countyon 11 December 1966. This specimen (ASUM No. 225) is of a faded
Ibuff color. The head and neck are very light orange-buff colored.Wing coverts, secondaries and primaries are edged with buff. Theremaining feathers are of a dirty white. Eyes, bill and tarsus arepigmented.
FRINGILLIDAE
Cardinal (Richmondena cardinalis) . A complete albino Cardinal
was reported by Mrs. Ora Reinhardt. This bird was reported to
have nested in a yard in Nashville (Howard County). The bird was
described by Miss Jamie McConnell fide Ruth Thomas as cream
colored with pale pink trimmings (Arkansas Gazette, Feb. 11, 1968).
A complete albino Cardinal was observed in North LittleRock(Pulaski County) by several bird watchers and was reported by
Dr. William Scarlett.
Purple Finch (Carpodacus purpureus). On 20 January 1967
IMrs. Ruth Thomas banded an imperfect albino Purple Finch fromher yard at Morrelton. This bird was described to be conspicuouslypaler than its companions. The brown coffee-like color had a greatamount of white in it. The bird remained nearby for two weeks andwas last seen in a neighbors yard before disappearing from thearea. This report is from Conway County.
Slate-colored Junco (Junoc hyemalis) . Two albino records were
reported for this species. Dr. Douglas James reported a partial al-
bino collected on 1 January 1952 from Washington County (UAZ,
209 male).
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The second report was a sight record of a complete albino from
J. O. Tooley. This bird was seen by the local Game Warden and
was called to the attention of Mr. J. O. Tooley. The bird was found
in a flock of other Slate-colored Junco's.
Field Sparrow (Spizella pusilla). Mrs. Ruth Thomas reported
a Field Sparrow of a faded washed-out color from a winter flock
seen in the early 1930's. This bird had cream colored wings with
other pale features and would be classed as an imperfect albino.
This report is from Morrelton of Conway County.
White-throated Sparrow (Zonotrichia albicollia). Mrs. Terrell
Marshall reported a partial albino White-throated Sparrow from
Little Rock (Pulaski County) seen on 14 November 1967. The head
of this bird was reported to be white except for the yellow spot
before the eye and the narrow black line back of the eye. The white
head had a few dark spots. The throat patch was well defined and
the remaining plumage was of normal color. A second report by
Mrs. John F. Rea fide Ruth Thomas came from Little Rock. This
bird was seen in the winter of 1967.
Mrs. Harry Meek of Little Rock fide Ruth Thomas reported
a complete albino White-throated Sparrow that remained in the
area throughout the winter.
Mrs. George and Rachael Blaser fide Mrs. Howard Stern re-
ported a White-throated Sparrow from Jefferson County observed
21 December 1966. This bird was observed by Mrs. Blaser on the
Pine BluffChristmas Count, 1966. It was described as being mottled
with white on the back and wings. The head was lighter than
normal. The white throat was clear. This bird was associated with
a dozen or more other White-throats.
Song Sparrow (Melospiza melodia). One complete albino Song
Sparrow was reported by Mrs. Curtis Jeffries. This bird was first
encountered during late fall of 1956 and regularly occurred during
subsequent winters until 1959. This report is from Phillips County.
SUMMARY
A study was made of sight records and museum specimens of
albino birds in the state of Arkansas. The birds were classified into
three catagories namely: complete, imperfect, and partial albinism.
A total of 78 specimens of 26 species were recorded. The 26
species are represented in 16 different families of four orders.t m it> a iier t l iues 01 i .
The House Sparrow, Mallard, Robin, and Common Crackle
were found to be the most numerous species encoutered with some
form of albinism.
Partial albinism was found to be the most common form making
up 43.6 per cent followed by complete with 38.4 per cent and
imperfect with 18.0 per cent.
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TABLEI
A LIST OF ALBINO BIRDS RECORDED FROM ARKANSAS
Complete
and
Incomplete
Species Imperfect Partial
Mallard 5
Marsh Hawk 1
Bob White 1
Wild Turkey 0
Pileated Woodpecker 0
Red-headed Woodpecker 1
Horned Lark 0
Tree Swallow 1
Blue Jay 0
Common Crow 0
Cedar Waxwing 1
Mockingbird 2
Robin 3
Loggerhead Shrike 1
Starling 0
House Sparrow 6
Red-winged Blackbird 0
Common Grackle 4
Brewer's Blackbird 0
Brown-headed Cowbird 0
Cardinal 1
Purple Finch 0
Slate-colored Junco 1
Field Sparrow 0
White-throated Sparrow 1
Song Sparrow 1
4
0
2
0
0
0
0
0
0
1
0
0
0
0
0
1
0
1
1
1
1
1
0
1
0
0
0
0
1
1
1
0
1
0
4
0
1
1
6
0
3
7
2
3
0
0
0
0
1
0
3
0
Total Species (26) 30 (38.4%) 14 (18.0%) 34 (43.6%)
31
Journal of the Arkansas Academy of Science, Vol. 22 [1968], Art. 1
Published by Arkansas Academy of Science, 1968
28
Arkansas Academy of Science Proceedings
CITED LITERATURE
Chapman, Frank. 1939. Handbook of birds of Eastern North
America. Dover Publ. Inc. N. Y. 581 p.
Deane, Ruthven. 1876. Albinism and melanism among North
American birds. Bull. Nutt. Orn. Club, 1:20-24.
. 1879. Additional cases of albinism in North
American birds. Bull. Nutt. Orn. Club, 4:27-30.
. 1880. Additional cases of albinism in North
American birds. Bull. Nutt. Orn. Club, 5:25-30.
Edson, J. M. 1928. An epidemic of albinism. Auk, 45:377-378.
Hanebrink, Earl L. 1968a. Two albino icterids colected from North-
eastern Arkansas. The Migrant, 39:14-15.
. 1968b. An albino Loggerhead Shrike collected
from Drew County, Arkansas. The Migrant (In press)
Hicks, L.E. 1934. Individual and sexual variations in the European
Starling. Bird Banding, 5:103-118.
McGregor, Richard C. 1900. A list of unrecorded albinos. Condor,
2:86.
Mclllhenny, E. A. 1940. Albinism in the Mockingbird. J. of Heredity,
31:433-438.
Michener, H., and Josephine R. Michener. 1936. Abnormalities in
birds. Condor, 38:102-109.
Nero, Robert W. 1954. Plumage abberations of the Redwing
(Agelaius phonicetis) . Auk, 71:137-155.
Pettingill, Olin Sewall, Jr. 1956. A laboratory and field manual of
ornithology. Burgess Publ. Co., Minneapolis, Minn. 248 p.
Ross, C. Chandler. 1963. Albinism among North American birds.
Cassinia No. 57:2-21.
Weller, M. W. 1959. Albinism inPodiceps grisegena and other grebes.
Auk, 76:520.
32
Journal of the Arkansas Academy of Science, Vol. 22 [1968], Art. 1
https://scholarworks.uark.edu/jaas/vol22/iss1/1
29
Arkansas Academy of Science Proceedings, Vol. 22, 1968
THE SATYRS AND WOOD NYMPHS OF ARKANSAS
E. Phil Rouse
LEPIDOPTERA; FAMILYSATYRIDAE
The family Satyridae is characterized by having some of the
veins of the front wing greatly swollen at the base. The front legs
are greatly reduced in the males and somewhat reduced in the fe-
males. The antennal club is small, only gradually enlarged. They are
medium to small in size, with the wings usually having "eye" spotting
on a brownish-grey background.
The subfamilies fall naturally into two groups because of the
shape of the front wing. The Lethinae has a pronounced pointing of
the front wing apically. In contrast, the Satyrinae "has the front
wing rounded apically. For clarity, a list including common names
of the species likely to be found in Arkansas is included.
SUBFAMILY LETHINAE
Lethe portlandia portlandia (Fabricius). Pearly eye.
Lethe portlandia anthedon (Clark). Pearly eye,
Lethe creola (Skinner). Creole pearly eye.
SUBFAMILY SATLRINAE
Euptychia gemma gemma (Hubner). Gemmer satyr.
Euptychia hermcs sosybius (Fabricius). Carolina satyr.
Euptychia cymela (Cramer). Little wood nymph.
Euptychia rubricata Edwards. Red satyr.*
Euptychia areolata (Smith). Georgia satyr.
Cercyonis pegala (Fabricius). Southern wood nymph.
The larvae feed principally on grasses. The plain brown pupae
are usually attached by the cremaster to leaves and other suitable
objects among trash and stones. Adults begin emerging in May and,
depending on the species, may have one or more broods per year.
The adults do not visit flowers avidly as do many other butterflies.
Instead, they may be taken while roosting on the ground, tree trunks,
stones, sticks and other debris along streams in grassy wooded areas.
The adults have a rapid flitting flight pattern.
KEY TO THE SATYRIDAE OF ARKANSAS
1. a Front wing definitely pointed with the apical edge straight
or slightly concave. Figure 1. (Subfamily Lethinae)
.2
b Front wing noticably convex apically. Figures 2, 3. (Sub-
family Satyrinae) 3
•Rare
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2. a Front wing with two well developed eyespots above and
usually a third and fourth smaller, or absent. Figure 1,
A - Lethe portlandia portlandia (Fabricius)
b Front wing with three well developed eyespots above and
usually with one other less developed. Figure 1, B
Lethe portlandia anthedon (Clark)
c More pointed front wing. Males with sex scaling between
veins of front wing ... ...Lethe creola (Skinner)*
3. a Front wing without eyespots above Figure 2 4
b Front wing with eyespots above. Figure 3 5
4. a Eyespots on hind wing beneath very small; within a
silvery patch distally. Figure 2, A —
Euptychia gemma gemma (Hubner)
b Eyespots noticably larger and well separated; no silvery
patch. Figure 2, B Euptychia hermes sosybius Fabricius
c Eyespots on hind wing beneath almost surrounded with a
bright orange-red line Euptychia areolata (Smith)
6. a Front wing with two well developed eyespots above on an
orange-yellow medial patch. Figure 3, A
_
Cercyonis pegala (Fabricius*
b Medium sized, the two eyespots on the front wing above
are on faint greyish-brown patch. Figure 3, B
Euptychia cymela (Cramer)
c Wing grey tinged with red above; one eyespont on
each wing Euptychia rubricata Edwards*
The "pearly eye" has two subspecies commonly found in this
area: Lethe portlandia (Fabricius) and Lethe portlandica anthedon
(Clark). These medium-sized, spotted, brownish-grew butterflies
are found more often in colonies on tree trunks and among grasses
along streams. Colonies are sometimes miles apart.
The male is also prone to adopt a tree or stone for its own
"territory", and the same male can be found in the same place day
after day. Fighting among males for a certain "territory" is not
uncommon. These two subspecies may be readily separated by the
characters given in the key. This genus can be separated from the
others by the pointed front wing. Adults emerge in late May or
early June.
The "Creole pearly eye", Lethe creola (Skinner), is easily
recognized by having a more pointed front wing with sex scales
between the veins, giving the wing a greenish pattern medially. It
prefers shaded areas and does most of its flying at dusk when most
•Rare
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other butterflies have ceased to move about. Its food habits are
poorly understood. Adults emerge in late May or June.
The "wood nymph", Cercyonis pegala (Fabricius), is a medium-
sized butterfly with dark spots on a yellowish-orange patch above.
It can be found in meadows as well as woods especially if the
meadow is somewhat brushy. The subspecies of this species are
poorly understood. The adults emerge in late May or June.
The "little woods nymph", Euptychia cymela (Cramer), is
medium to small with two eyespots on both the front and back wing
above. Its preferred habitat is grassy woods close to water. Adults
emerge in May.
The "Carolina satyr", Euptychia hermes sosybia (Fabricius).
has two broods a year and has been taken in late October in Ar-
kansas. Its preferred habitat is damp woods and wooded swamps. It
is plain above with six well developed eyespots on the underside of
the hind wing. Two to three of these are darker.
The "gemmed satyr", Euptychia gemma (Hubner), is very
similar in general appearance to Euptychia hermes sosybius (Fabri-
cius) except it has very small black spots on a silvery background
underneath the distal edge of the back wing. It is found in woods
and grass along streams and marshes. It has two or more broods
in a year.
The "Georgia satyr", Euptychia areolata (Smith), is some-
what uncommon in northern Arkansas. Ithas been taken in South.
west Arkansas, but its distribution is poorly established in the state.
Itprefers open marshy areas, although southward it is reported to
prefer grassy areas in open pine woods.
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A Preliminary Study of the Spiders
of Clark County Arkansas Compared with a
Five Year Study of Mississippi Spiders
Peggy Rae Dorris
Department of Biology, Henderson State College
A five year study of the spiders of Mississippi was under-
taken in an effort to contribute to the knowledge of taxonomy,
ecology, and distribution of this group. There has been no previous
detailed survey of the spiders of Arkansas. The writer made such a
study of Mississippi spiders from June 1960 to 1966. A similar study
of Arkansas spiders is now underway.
The habits of any animal are integrated with the physical
environment under which it lives. Habits and habitats are so closely
interrelated from the standpoint of ecology that they cannot be
separated. As knowledge of ecological relations of various species
increases, biologists will be better prepared to study structural
pecularities and adaptations.
For several reasons the spiders offer an interesting field for
ecological work. A more thorough knowledge concerning the habits
and distribution of the group Argiopoidea may contribute much to
a better understanding of structural adaptations to environment.
This knowledge may also aid in the solution of other biological
problems.
Each season results in a variation in the number and species
of spiders collected, with a greater abundance being taken during
early spring and summer. A few spiders can be collected during the
coldest winter months but different collecting methods are necessary.
The sweeping method yields spiders at all seasons but on occasions
after rains or when the weather is extremely cold they are less
abundant. Removing loose bark from trees is very effective during
the winter. The use of a sieve or shaker yields spiders throughout
the year, and is one of the most productive winter methods of collect-
ing. During winter months water spiders are seldom taken from
bodies of water but can be found in the surrounding wooded areas
where they seek protection. Very few large specimens of any species
are collected by the sweeping mthod when the weather is severely
cold; however, in very cold weather adult jumping spiders, wolf
spiders, and others are found beneath bark and in otiher secluded
places.
In Mississippi an attempt was made to cover the state thorough-
ly and every county was visited. Those counties from which scant
numbers were collected were revisited. Since it was virtually im-
possible to collect in every county at all seasons of the year and
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periods of the day, in an attempt to obtain adequate coverage several
collecting stations were established to give representative coverage
of all geographical areas of the state. The stations in hill, Delta,
prairie, and coastal areas were thoroughly covered during every
season of the year and at various times of the day. Incertain regions
of the Delta where insecticides were applied with airplanes there
were virtually no spiders. It was found, however, in regions such
as the wooded areas around the Mississippi River levee, where land
was not used for agricultural purposes and where wooded areas and
grasslands were abundant that spiders were as numerous as in hill
regions with similar cover and protection. In prairie counties such,
as Clay County, spider populations were generally smaller than in
the hills but more abundant than in the Delta region. There is a
definite similarity between Delta conditions and prairie conditions,
although farming is not as intensive in the prairie as in the Delta.
Collections were made during various periods of the day. The
activity of spiders, under average conditions, seems to be greatest
from about nine o'clock in the morning until three o'clock in the
afternoon. Their activities vary with the temperature or humidity.
Since spiders are usually inactive at night, very few are found after
dark. After the approach of darkness, the hunting spiders are most
frequently observed and collected since they build no webs but hunt
prey over the ground. Many immature forms are evident in the
spring and developmental processes can be observed as the tempera-
ture increases in early summer; however, juvenile specimens may
be collected throughout the year. Midsummer is usually the most
productive collecting period and late winter the least.
Twenty-nine families and 280 species were found in the 82
counties of Mississippi. The families with the largest .number of
species in Mississippi are Salticidae, Araneidae, Theridiidae, Lycos-
idae, and Thomisidae.
Most of the same species occurred throughout the state, but a
few were found in isolated areas and spider populations were
larger from the southern than from the northern portion of the
state. Itwas also observed that, apparently due to mild temperatures
and a longer growing season within the southern area, more differ-
ent species in varying degrees of maturity could be found there
throughout the year. Fewer spiders seem to live in pine forests
than in deciduous forests throughout all areas of Mississippi.
The types of habitats most commonly used in both studies were:
(1) grasses, (2) shrub and open field, (3) climax forests, (4) build-
ings, (5) leaf litter and (6) bodies of water.
The present studies included seven methods of collecting: (1)
sweeping with a sweep-net, (2) sifting forest floor litter, (3) night
collecting with a light, (4) removal of bark from trees and logs, (5)
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scanning wooded areas for webs, (6) direct hand picking, and (7)
collectons from mud-dauber nests.
The largest number of spiders collected in any one county of
Mississippi was 130. Most counties yielded on the average of 75 to
100 species. Spiders have been collected in Clark County, Arkansas
during each season of one year and 108 species have been found.
The writer belives that more intensive collecting will yield more
species and the list of spiders collected indicates only a preliminary
study. Further research should lead to a more comprehensive an-
alysis of the spider fauna of Arkansas and better elucidate the
spider population of this state as compared with that of other
southern states.
In both Mississippi and Arkansas only two species of spiders
which have poison of significance to man were found. People in both
states have been aware of the presence of Latrodectus mactans, the
black widow spider, for many years but only in the last few years
have they recognized the presence of Loxosceles rechisa, the brown
recluse spider.
The 20 families, 77 genera, and 108 species of spiders collected
in Clark County from September 1966 to September 1967 are as
follows:
FILISTATIDAE
Filistata hibernalis (Hentz)
LOXOSCELIDAE
Loxosceles reclusa Gretsch and
Mulaik
SCYTODIDAE
Scytodes thoracica (Latreille)
ULOBORIDAE
Uloborus americanus Walckenaer
DICTYNIDAE
Dictyna sublata (Hentz)
Dictyna volucripes Keyserling
Dictyna annulipes (Blackwall)
PHOLCIDAE
Pholcus phalanglodes (Fuesselin)
GNAPHOSIDAE
Callilepis imbedlla (Keyserling)
Herpyllus vasifer (Walckenaer)
Drassodes neglectus (Keyserling)
CLUBIONIDAE
Clubiona pallens Hentz
Clubiona obesa Hentz
Agroeca pratensis (Emerton)
Chiracanthium inclusum (Hentz)
Marcellina piscatoria (Hentz)
Trachelas tranquillus (Hentz)
Micaria aurantia (Hentz)
ANYPHAENIDAE
Anyphaenella saltabunda (Hentz)
Anyphaena celer (Hentz)
Aysha gracilis (Hentz)
THOMISIDAE
Misumena vatia (Clerck)
Misumenoides formosipes
(Walckenaer)
Mi8umenop8 asperatus (Hentz)
Xysticus triguttatu8 Keyserling
Xy8ticus tumefoetus
(Walckenaer)
Xysticus elegans (Keyserling)
Xysticus tran8ver8atu8
(Walckenaer)
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Philodromus abbotii Walckenaer
Philodromu8 imbecillus
Keyserling 1
Thanatu8 formicinus (Clerck)
Synema parvula (Hentz)
Tmarus angulatus (Walckenaer)
Ebo latithorax Keyserling
Tibellus oblongus (Walckenaer)
SALTICIDAE
Phidippus audax (Hentz)
Phulippus itisolens Peckham
Phidippus whitmanii Peckham
Plexippus puerperus Emerton
Dendryphante8 aestivalis
Kaston
Neon nelli Peckham
M
'
etaphidippus protervus
(Walckenaer)
Metaphidippus galathea
(Walckenaer)
Metaphidippus flavipedes
(Peckham)
Paraphidippus aurantius (Lucas)
Zygoballus bettini Peckham
Zygoballus sexpunctatus (Hentz)
Habronattus decorus
(Blackwall)
Hentzia ambugia (Walckenaer)
Thiodina iniquies (Walckenaer)
Ballus youngii Peckham
Salticus scenicus (Clerck)
Sitticus palustris (Peckham)
Myrmarachne hentzi Banks
Marpissa undata (DeGeer)
AGELENIDAE
Agelenopaia naevia
(Walckenaeer)
Agelenopsis pennsylvanica
(Koch)
Coras medidnalis (Hentz)
PISAURIDAE
Pisaurina mira (Walckenaer)
Dolomedes tenebrosus Hentz
Dolomedes sexpunctatus Hentz
Tinus peregrinus (Bishop)
LYCOSIDAE
Lycosa aspersa Hentz
Lycosa rabida Walckenaer
Lycosa punctulata Hentz
Lycosa baltinwriana (Keyserling)
Lycosa gulosa Walckenaer
Lycosa frondicola Emerton
Lycosa avida Walckenaer
Trochosa pratensis (Emerton)
Arctosa littoralis (Hentz)
Pardosa distincta Blackwall
Pardosa milvina (Hentz)
Schizocosa bilineata (Emerton)
Pirata insularis (Emerton)
OXYOPIDAE
Oxyopes salticus (Hentz)
Peucetia viridans (Walckenaer)
THERIDIIDAE
Theridion tepidariorum (Koch)
Theridion flavonotatum Keys
Theridion frondeum Hentz
Latrodectus mactans (Fabricius)
Teutava triagulosa
(Walckenaer)
Argyrodes nephilae Taczanowski
Theridula emertoni (Walckenaer)
MIMETIDAE
Mi-metus puritanus Chamberlin
ARANEIDAE
Aranea marmoreus (Clerck)
Aranea cavatica (Linnaeus)
Mangora gibberosa (Hentz)
Mangora placida (Hentz)
Mangora ornata (Walckenaer)
Argiope trifasciata (Forskal)
Argiope aurantia Lucas
Neoscona arabesca (Walckenaer)
Neoscona domiciliorum (Hentz)
Micrathena reduviana
(Walckenaer)
Micrathena gracilis
(Walckenaer)
Verrucosa arenata
Walckenaer)
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Acanthepeira stellata (Marx)
Nephila clavipes (Linnaeus)
Cyclosa conica (Pallas)
TETRAGNATHIDAE
Tetragnatha elongata
Walckenaer
JZu&tala anastera (Walckenaer) Tetragnatha straminea Emerton
Leucaguge venusta (Walckenaer)LINYPHIIDAE
Florinda coccinea (Hentz)
Frontinella pyramitela
THERAPHOSIDAE
Dugesiella hentzi Walckenaer(Walckenaer)
Linyphia marginata (Koch)
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Maturity and Spawning Periodicity of the Gizzard Shad,
Dorosoma cepedianum, (La Sueur) ,inBeaver Reservoir 1
Raymond E. Baglin, Jr. and Raj V. Kilambi
Department of Zoology, University of Arkansas
Fayetteville, Arkansas
INTRODUCTION
There has been no mention in the literature of the spawning
period of the gizzard shad in the Southwestern United States.
Bodola (1964) mentioned that spawing gizzard shad were captured
from the first quarter of June to the first quarter of July inclusive,
in Western Lake Erie. The determination of the maturity and
spawning period of the gizzard shad in Beaver Reservoir, Arkan-
sas, is based on the gonadal sometic index, or maturity index, and
ova diameter measurements along with physical characteristics of
the eggs and ovaries.
James (1946) working with bluegills, Lepomis macrochirus,
and largemouth bass, Micropterus salmoides, and Kilpatrick (1959)
studying the white bass, Roccus chrysops, found that the percentage
ratio of ovary weight to body weight was a more reliable indication
of the variation in the ovarian cycle than either the sizes or the
weights of the ovaries alone. Prabhu (1956) determined the dura-
tion of the spawning periods of nine species of fish, by studying the
dimensions of eggs in the ovaries of fishes in the penultimate or
mature stage of development.
MATERIALS AND METHODS
A total of 348 female gizzard shad from Beaver Reservoir
captured by the personnel of the Bureau of Sport Fisheries and
Wildlife, South Central Reservoir Investigations, from the period
March 1967 to February 1968, was utilized to demonstrate the
seasonal trend in the gonadal somatic index, and to measure ova
diameters. Collections were made by electroshocker, gill net, trap
net, and a1 mid-water trawl. Allfish were taken without any selec-
tion as to size. However, most fish in our sample were collected
just prior to and during the spawning period. Fish were primarily
collected from spawning aggregations. From each fish, the total
length was recorded to the nearest millimeter, and total body and
ovary weights to the nearest 0.1 of a gram. Scales were taken just
posterior to the tip of the left pectoral fin. Six scales from each
fish were mounted between two sheets of cellulose actate and read
'This work was supported by th^e South Central Reservoir Investiga-
tions, Fayetteville, under contract n. 14-16-0008-899.
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on a scale projecting machine at a magnification of 43X.
Eight mature fish were utilized to determine ova diameter
frequencies. Although an unequal number of masurements were
taken from the specimens, the modes wer similar and data for the
eight fish were combined. Only ova larger than 0.20 millimeters in
diameter were measured to depict maturation. Three fish which
wre judged to be in spent condition were selected for measurement.
Aproximately a 0.5 gram sample was removed from the left ovary
of each mature fish and placed in a petri dish, and eggs were ran-
domly measured with an ocular micrometer. Due to the lack of
symmetry in the eggs, caused partially by preservation (all ovaries
were preserved in 10% formalin), the ocular micrometer was
placed in a horizontal position and the diameters were measured
parallel to the micrometer. Clark (1934) found this method to be
satisfactory. In order to facilitate the measurements of immature
transparent ova in the three spent fish, aceto oricine was added to
a thin cross sectional slice of the ovary and a cover slip was added.
RESULTS
There was a rapid rise in the gonadal somatic index in Febru-
ary and March (Figure 1). A maximum for the 1963 and 1964
year classes of 8.60 and 8.55 respectively, was attained in April
(Figure 1). The increase of the index of the 1965 year class (2-
year-old fish) was slower and the maximum value lower than in
3-and 4-year-olds. Kilpatrick (1959) also found that older and larger
white bass in Lake Texoma reached higher maturity indexes sooner.
However, Bodola (1964) found that 2-year-old gizzard shad in
Western Lake Erie had a higher index than older fish. The lower
index for the 1965 year class in this study may be due to the fact
that all of these fish did not mature. Index values ranged from 5.12
to 11.31. The 1963 and 1964 year classes showed similar gonadal
somatic index trends, and all were presumed to have spawned.
Bodola (1964) found spawning occurred first in 2-year-olds, but it
has been seen that they spawn later here.
Immature ova were transparent and small in size, intermediate
ova were white in color, and mature ova had a large amount of yolk
present. The mode of 3,874 ova diameter measurements larger than
0.20mm for eight mature fish was 0.65 millimeters (Figure 2). Trans-
parent ova were not measured in this study, but are present through-
out the year. Ova from three spent individuals (1390 measurements)
were all small and immature (Figure 2). Since there is only one
mode of mature eggs present in the mature fish, this would indicate
only one spawning period.
A considerable amount of variation in ova diameters was
found for fish of the same age and collection date, but the difference
between fish of the same age narrowed as the spawning time ap-
proached.
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The largest ova from 1967 year class fish taken in February
1968 were 0.10mm in diameter, while 1966 year class fish taken
at the same time had ova measurements of 0.33mm in diameter.
No 1-year-old fish were taken during the spawning season, but it is
believed they would not have been mature enough to spawn. Bodola
(1964) found that most 1-year-old fish retained partially developed
eggs to be spawned the following season.
In mid-April 1967, the largest ova present in 1965 year class
fish examined were 0.59mm. The majority of the maturing eggs were
0.50mm in diameter. In mid-May, the largest ova observed were
0.69mm with many 0.53 and 0.66mm ova. In June, the largest were
0.66mm and a considerable amount of resorption was occurring.
The 1964 year class fish showed greatest ova development
during tlhe months of February, March, and the beginning of April
up to spawning time in mid-April. Largest recorded ova diameters
for February were 0.53mm, for March 0.66mm, and for April 0.89mm.
In May, average ova diameters were approximately 0.50mm and
resorption was observed at the end of May.
The 1963 year class fish seemed to follow the same trend as the
1964 year class, measurements being 0.66mm for February, 0.73mm
for March, and 0.95mm for April for the largest ova. Insufficient
numbers of older fish were obtained to note any general trends.
CONCLUSIONS
Both the gonadal somatic index and ova diameter measurements
indicate that the gizzard shad in Beaver Reservoir h,ad one spawn-
ing period which extended from mid-April through May 1967. Some
partially spent individuals were taken which indicated that all the
eggs were not extruded at one time. By June, only completely spent
fish with low indexes and immature eggs, or fish with eggs under-
going rapid resorption were found.
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Figure 1. Average weight of ovaries as percent of body weight,
March 1967 to February 1968, for 1963, 1964, and 1965 year classes.
Number of fish collected monthly are indicated.
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Figure 2. Frequency distribution of ova diameter measurements for
3 spent and 8 mature gizzard shad. Only ova measuring more than
0.20mm in diameter were included for the mature fish.
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Some Aspects of the Age and Growth of the Longear
Sunfish, Lepomis Megalotis, in Arkansas Waters 1
Edmond J. Bacon, Jr. and Raj V. Kilambi
Department of Zoology, University of Arkansas
Fayetteville, Arkansas
INTRODUCTION
The longear sunfish, Lepomis wcgalotis megalntis (Rafinesque)
in Arkansas is a native of headwater streams in the OzarkOuachita
highlands. Although this centrarchid now thrives in highland reser-
voirs, it is generally absent in the downstreams, lowland portions of
rivers flowing from the highland onto the Gulf Coastal Plain (Neill,
1967). Its distribution is somewhat affected by its intolerance of
turbidity and siltation (Trautman, 1957). The most favorable habitats
in streams are among brush, rocks, and logs whereas in the reservoirs
they are found in the littoral zone. The chief importance of the
longear is its value as a forage species and its predation on the eggs
of many game fishes, especially those of the black basses.
The longear sunfish ranges from 1.2 in. to 2.8 in. at the end
of the first season of growth ;adults range from 2.8 in. to 7.0 in.
with the maximum length recorded being 9.0 in. (Trautman, 1957).
Published information concerning the rate of growth of this
species is meager. Hubbs and Cooper (1935) correlated the rate of
growth of the dwarfed longear, Lepomis megalotis peltastcs (Cope),
with the length of the growing season in Michigan. Jenkins, Elkin,
and Finnell (1955) determined the growth rate of the longear sun-
fish in reservoirs, lakes, ponds, and streams in Oklahoma. Growth
studies on this species in streams in Missouri and Illinois have been
conducted by Patriarche and Lowry (1953) and Durham (1955) rc-
pectively. Applegate, Mullan, and Morais (1966) studied the food
and growth of the longear in Bull Shoals Reservoir, Arkansas.
One of the important aspects in fisheries management is the
age at which a fish reaches a catchable size, designated as 5.0 in.
for the sunfishes (Jenkins et al., 1955). Man made activities such as
the construction of dams and creating reservoirs bring about changes
in water levels and alter the physiochemical conditions of both the
reservoir and the stream. Due to the intrinsic capability of fishes
to alter their growth rates to changing environmental conditions.
growth rates of fishes reflect the suitability of an environment.
'This work was partially supported by funds provided by the office
of Water Resources Research, Department of the Interior, as
authorized under the Water Resources Act of 1964, PL 88-379, as
amended by PL 89-404.
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Objectives of the present study are: (1) to determine the
growth rate of longear sunfish from Kings River and Beaver
Reservoir, (2) to compare the growth rates of males and females
from each area, and (3) to gain information concerning 1 maximum
size and maximum age.
MATERIALS AND METHODS
Collection sites were established along the Kings River at
Highway 68, eight miles northeast of Huntsville. Several collection
sites were selected in Beaver Reservoir to obtain representative
samples from different areas of the reservoir. Sites at tihe upper
end were War Eagle Creek, Pine Creek Cove, and Hickory Creek
Cove; sites at the lower end were Prairie Creek, Shady Grove Cove,
and Rocky Branch (Fig. 1). Monthly collections from Kings River
and Beaver Reservoir were taken from June, 1967, to April, 1968,
with the exception of November, January, and February from Beaver
Reservoir. A variety of gear was employed to circumvent selectivity
for particular size groups. A seine, a boat-mounted electroshocker,
and a 110 volt back-pack electroshocker were used for stream collect-
ing. Winter collecting was difficult, and samples could be taken
only with a boat-mounted 220 a. c. electroshocker. Because of the
depth, turbidity, and topography of the shoreline collecting1 in the
reservoir was a problem. Electroshockers, barrel traps, an otter
trawl, a mid-water trawl, and rotenone were used for reservoir
collecting. Seventy-eight percent of the 424 fish from Beaver Reser-
voir were taken from rotenone treatments conducted by the Bureau
of Sport Fisheries and Wildlife, Fayetteville, Arkansas. Eighty-
eight percent of the 278 fish from Kings River were collected by
the use of an electroshocker.
After capture, the fish were brought back to the laboratory
in plastic containers. The location, total length, weight, sex, state
of sexual maturity, method of collection, and date of collection were
recorded for each fish. Fish were then placed in 10% formalin for
two weeks and later changed to 30% isopropyl alcohol. Sex was not
determined for specimens less than 60mm in total length. Approxi-
mately 25 scales were taken from th,e left side below the lateral line
and at the tip of the pectoral fin. Plastic impressions of 5-10 scales
from each fish were made by pressing the scales into cellulose acetate
sheets by the use of a standard press. A standard microprojector
with a magnification of 40 diameters was used for reading the
scales. The distances in mm from the focus to each annulus and from
the focus to the anterior margin of the scale were recorded. The
data were recorded on IBM cards and later analyzed by an IBM
7040 computer.
RESULTS AND DISCUSSION
The scale method of determining the age and growth of fishes
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Figurs 1. Locations of the collection sites in Kings River and Beaver Reservoir <?)
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is probably the most widely used technique today. Creaser (1926)
validated the scale method for the family Centrarchidae. Sprugel
(1953) and Regier (1962) validated the annulus as a year mark for
lihe blugill. Validity of age determinations from scales confirmed for
longear in Arkansas because: (1) from rotenone samples assumed
young of the year collected in August ranged from 35 to 45mm in
total length and did not possess an annulus even though total scale
lengths ranged from 23 to 33mm (40x), (2) longear collected in
June and July ranged from 52 to 75mm in total length and exhibited
one annulus, (3) modes of the length-frequency distribution corre-
sponded to the calculated lengths, during the early years of life
(Fig 2) and (4) the actual total lengths of specimens collected in
February when the season's growth had been attained corresponded
to the calculated lengths (Table 1).
Growth Rates
The largest specimen found in these collections was 155mm,
was six years of age, and was taken from Kings River. Based upon
this study, longear from Beaver Reservoir and Kings River reach
the catchable size of 5.0 in. at the end of five years. Some individuals
attain this length after four growing seasons while others may not
attain the designated catchable size for sunfishes at all.
> >\°
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TOTAL LENGTH IN MILLIMETERS
Figure 2. The total lengths of longear sunfish with age determina-
tion by scales (o - - - o) and with age determinations
by length-frequency distribution ( ) taken in Feb-
ruary in Kings River.
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Table 1. The average total length at the time of capture and average
calculated length of longear sunfish in Kings River col-
lected in February, 1968 after the growth season.
Age in Number of Average Total Length Average Calculated
Years Fish at Time of Capture (mm) Total Length (mm)
1 12 56 50
2 14 74 75
3 5 90 94
4 11 111 110
5 6 124 124
6 4 146 139
Total Length-Scale Radius Relationship
Plotting of the emperical data indicated that the body length-
scale radius relationship was probably linear. In such a case, the
relationship between the length of the fish and the scale radius could
be expressed by a first degree linear*quation of the form L=a-|-bS
where L is the total body length in mm, S is the scale radius in mm,
and a and b are constants. In recent years, age and growth data
have been found to be best represented by complex curvilinear equa-
tions which are easily obtained by a computer. Houser and Bryant
(1968) found that the data for white bass in Beaver Reservoir were
best represented by complex polynomials. The complex polynomials
for total length-scale radius are represented by the equation
L—e o+9iS+e2S 2 -t-. . .©kS where L is the length of the fish,
S is the scale radius, and 6 and K are constants. Equations of this
form are obtained by a step-wise polynomial technique utilizing an
analysis of variance test to select the equation that best fits the
data (Graybill, 1961). A total of 702 fish ranging in length from
37 to 155mm including six age groups was used to obtain growth
equations. Two hundred and thirty-three females and 157 males from
the reservoir and 121 females and 114 males from Kings River were
used to derive growth equations. The mean distance from the focus
to each annulus was calculated for each sex from each area. These
values were substituted into the growth equations derived previously
to obtain the average calculated lengths at the end of each year of
life. Inall cases except for males from Beaver Reservoir, the equa-
tion that best fitted the data was linear (pz=.01). Since similar re-
sults were obtained from the linear equations and the curvilinear
equations for males from Beaver, a linear equation was used 30
that comparisons of the growth equations could be simplified. Sprugel
(1953) utilized third degree polynomials and linear equations with
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the bluegill and obtained similar results, but the polynomial was
slightly more accurate. The relationship between the total length
and scale radius was represented by similar equations in each
area and for each sex (Table 2). An anlysis of covariance test indi-
cated that the total length-scale radius equations of the sexes within
each area and between the two areas were not significantly different
(p— .01). The combined equation for males and females from Beaver
Reservoir was L=22.79-[-1.07S, and the pooled equation for males
and females from Kings River was L—14.04-fl.18S.
Calculated Total Length
The average calculated total lengths in mm of female longear
from Kings River at the end of each year of life were 50, 75, 93,
108, and 121, and those of males were 49, 75, 94, 111, 126, and 139
(Fig. 3). The average calculated lengths of females from Beaver
Reservoir were 55, 79, 98, 113, 124, and 134; the total lengths of
males were 56, 79, 100, 117, 129, and 137 (Fig. 4). Female longear
from Beaver were 5mm longer at the end of the first four years
of life and 3mm longer at the end of the fifth year than those from
Kings River. At the end of the first year of life, male longear from
the reservoir were 7mm longer than those from Kings River; the
difference was 4mm at the end of the second year, and 6mm during
the next two years with negligible differences thereafter. The
largest difference in the rate of growth between the two areas was
in the growth rates of the males. Differences between the rate of
Table 2. Growth equations for longear sunfish in Kings River and
Beaver Reservoir.
Location Sex Equation
Kings River Females L=15.24-fl.l6S
L—13.94+1.18S
L-23.ll-fl.06S
L—22.23-J-l. 10S
Kings River Males
Reaver Reservoir Females
Beaver Reservoir Males
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Figure 3. The absolute growth rate (mm) of the female ( )
and male ( ) longear with annual increments (mm)
of female ( ) and male ( - - - ) longear in Kings
River.
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Figure 4. The absolute growth rate (mm) of female (——) and
male ( * - - ) longear with annual increments (mm) of
P
female ( ) and male ( - - - ) longear in Beaver
Reservoir.
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growth of males and females withineach, area became apparent after
the second year. Male longear sunfish from the reservoir were ap-
proximately 4mm longer than females from age 3 to age 6. In the
Kings River, male longear were lmm longer after the third year of
life and approximately 4mm longer thereafter. The fact that male
longear grow faster than female longear agrees with previous find-
ings of Hubbs and Cooper (1935). Studies on the blugill by Sprugel
(1953) also demonstrated a similar trend of faster growth of males
after two years of life. The rates of growth between year classes
from 1961 to 1967 were relatively stable with the range of differ-
ences being from 3mm to 8mm at the end of each year of life.
VON BERTALANFFY GROWTH EQUATIONS
Growth curves of the longear sunfish were analyzed using
Von Bertalanffy growth equations since Walford plots intersected
a 45* diagonal line when Lt_|_l was plotted against Lfc. The Ber-
talanffy growth formula can be expressed as
Lt
-L^l
- e-K (t-t0) ) _. (i)
where Lt
—length at age t
hooz= asymptotic length or maximum attainable size
K = coefficient of catabolism
and t0
—
the age at which the fish could be of zero length. The
equation in terms of linear relationship between Lt and Lt_|_l can
be written as
Lt+1 = LooU - e-K ) -|- Lte"K (2)
The values of the parameters L^ and K were obtained by the least
squares method. Values of t0 were obtained by the method described
Ricker (1958).
The Bertalanffy equations describing the growth of longear
sunfish are:
Beaver Reservoir
Males Lt==220 <l-e-.14(t-(-1.2)))
Lt=169 (l-e'-24(t-(-.63)))Females
Kings River
Lt=:203 (l_e-17(t-<-65)) )
Lt=165 (l.e-^(t-(..6O)))
Males
Females
From these equations, the mean calculated lengths of each year
of life were obtained. Fish lengths at the end of each year of life
calculated by the Bertalanffy method are in close agreement with
those of the back-calculated lengths (Table 3).
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From the analysis it is evident that the male longear from
Beaver Reservoir and Kings River have a large asymptotic length
and grow towards it at a slower rate. Whereas, the females from
both areas have a lower asymptotic length and approach the limit
more quickly. From the data it is also evident, as in many other
species of fish, that an inverse relationship between Loo and K exists
(Beverton and Holt,1959).
Table 3. A comparison of the calculated lengths in mm from scales
and by the Bertalanffy method of female and male longear
sunfish in Kings River and Beaver Reservoir.
Calculated Lengths (mm)
Age in Scales Bertalanffy
Area Years Males Females Males Females
Beaver 1 56 55 57 56
Reservoir
2 79 79 79 79
3 100 98 99 98
4 117 113 114 113
5 129 124 128 125
6 137 134 139 135
Kings 1 49 50 49 51
River
2 75 75 76 74
k3 94 93 98 924 111 108 113 1075 126 121 128 119
6 139 — 140 —
EVALUATION OF THE RESULTS CONCERNING
WATER QUALITY
Sampling sites in Kings River and in the coves and creeks
of Beaver Reservoir were characterized by turbid waters during the
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major part of the year. Surface water temperatues were higher in
the reservoir during the summer months but were similar to those
in Kings River during the winter months (Table 4).
A total of 702 L. megalotis was used in the age and growth
analysis. There was a higher sex ratio of females to male in Beaver
Reservoir. The Kings River collections were dominated by younger
age groups and smaller fish whereas the fish from the reservoir
were consistently older and larger. Total fish length-scale radius
equations for the two areas were not significantly different, and
the calculated lengths at the end of each year of life were similar.
Other growth characteristics such as the length-weight relationship,
coefficient of condition, and asymptotic lengths were also similar for
these two areas.
In reference to water quality, the results of this study indicate
that subsequent to impoundment (approximately 4 years later) both
the Kings River and Beaver Reservoir collecting sites have similar
environmental conditions that are equally favorable for the growth
of longear sunfish, Lepomis megalotis.
Table 4. Surface water temperatures in Kings River and Beaver
Reservoir at the time of collection of longear sunfish.
Location Date Surface Water Temperature C°
Kings River 6-13-67 17.0
7-15-67 21.9
8-22-67 23.0
9-15-67 19.1
10-12-67 11.0
11-12-67 9.9
1-25-68 6.5
2-10-68 6.0
Beaver Reservoir 6-22-67 27.0
7- 7-67 26.0
7-10-67 26.0
7-12-67 26.0
7-17-67 27.0
7-24-67 27.1
8-15-67 26.1
8-17-67 26.0
8-23-67 25.4
9-17-67 20.4
10-23-67 11.8
12-15-67 7.2
58
Journal of the Arkansas Academy of Science, Vol. 22 [1968], Art. 1
https://scholarworks.uark.edu/jaas/vol22/iss1/1
55
Growth of the Longear Sunfish in Arkansas
SUMMARY
A total of 702 L. megalotis was collected from the Kings River
and Beaver Reservoir to determine the rate of growth, maximum
size, and maximum age. The largest specimen taken from these two
areas was 155mm long and six years of age. Based upon this study,
longear reach a catchable size of 127mm at the end of their fifth
growing season ; some attain this length at the end of the fourth
year, while others may not ever attain this length. The fish length-
scale radius equations for males and females from each area were
similar. Males were found to grow faster than females after the
second year of life. The rate of growth was found to be slightly
faster in Beaver reservoir than in Kings River. The average cal-
culated lengths in mm for longear from Beaver Reservoir were 56,
79, 99, 115, 127, and 136, and the lengths at the end of each year
of life in Kings River were 50, 75, 94, 110, 124, and 139. The rate
of growth was faster than in northern areas, but the life span was
shorter.
Asymptotic lengths of males from Beaver Reservoir and Kings
River were larger than those of females. The maximum lengths for
males and females from the reservoir were 220 and 169mm respective-
ly. The mean calculated lengths obtained by Bertalanffy equations
were similar to those obtained from scales.
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The Enigma of Penstemon Tennis Small
(Scrophulariaceae) •
Aileen L. McWilliam**
Penstemon tcnuis Small is a member of the Series Graciles,
the eastern group of Penstemons. The stems are several to many,
to 1 m tall, herbaceous, arising from a winter rosette, entirely
glabrous, often dark pink; leaves horizontally divergent from the
stem, not greatly reduced upward, thin, coarsely serrate-dentate,
cordate-clasping at base, tapering abruptly to an attenuate tip,
18-40 mm wide, the lower cauline leaves tending to be spatulate;
inflorescence sparsely glandular pubescent, of 5-7 fascicles, loose,
much-branched, the lower fascicles subtended by pairs of large leafy
bracts; sepals smooth, ovate, abruptly contracted to a long attenuate
to caudate tip; corolla 15-18 mm long, tube and throat subequal,
throat expanded, limb spreading, bilabiate, the lower lip flabelliform;
corolla rosy-violet with numerous sharp red-violet lines in the
throat, staminode moderately bearded with yellow hairs.
Flowering April-June, this is apparently a species of low,
heavy alluvial soils in Arkansas, Louisiana, and eastern Texas.
In the course of a study of the taxonomy, occurrence, and
distribution of the Series Graciles in Arkansas and Oklahoma, this
species was found to pose some enigmatic questions.
The type specimen was collected in Louisiana, by Hale, and was
described by Dr. John Kunkel Small in his Flora of the South-
eastern United States (1903). It was deposited in the Herbarium
of Columbia University, now at the New York Botanic Garden. The
species ranges, according to Dr. Francis W. Pennell (1922, 1935),
from near the Gulf coast of Louisiana and Texas as far west as
Matagordo Bay, and inland, probably throughout the bottomlands
of the Mississippi valley. In Arkansas it occurs from Miller County,
in the southwest, to Mississippi County, in the northeast, along the
river valleys and up to the fall line, though) few collections have
been made.
The first enigma involves the disappearance of the species from
the literature.
* Research at the University of Oklahoma Biological Station sup-
ported by NSF Grants GW 526 and GW 1687 for Research Par-
ticipation for High School Teachers and Academic Year Exten-
sions of grants; Dr. Carl D. Riggs, Director; research suggested
and supervised by Dr. Harriet G. Barclay and Dr. George J. Good-
man.
**711 Magnolia Avenue, Menu, Arkansas 71953.
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P. tennis was included by Pennell in 1922 in his discussion
of the Scrophulariaceae of the Eastern Gulf States, with specimens
being cited from four Arkansas counties: HEMPSTEAD, Fulton,
E. J. Palmer 10514; INDEPENDENCE, Newark, Pennell 10699;
MILLER, Mandeville, Eggert; PULASKI, Little Rock, Hasse; two
Louisiana parishes: ACADIA, Crowley, Pennell 10186; RAPIDES,
Alexandria, Ball 654; and four Texas counties: BRAZORIA, Colum-
bia, Bush 115; FORT BEND, Richmond, Bray 79; HARRIS, Hous-
ton, Pennell 10258; LIBERTY, Liberty, E. J. Palmer 7727. Itwas
also included in Pennell's 1935 monograph of the Scrophulariaceae
of Eastern Temperate North America, with citations of additional
specimens from four Arkansas counties: FAULKNER, Conway,
E. J. Palmer 27103; MILLER, Texarkana, Bush 2493; MISSISSIPPI,
Osceola, H. E. Wheeler; PULASKI, Little Rock, Palmer 30336; two
Louisiana parishes: LAFAYETTE, M. Debaillon; RAPIDES, Alex-
andria, J. Hale; and three Texas counties; JACKSON, Edna, Drushel
8706; ORANGE, Orange, Small and Wherry 11793; and WHARTON,
Wharton, Drushel 8707.
However, P. tennis was not included in Small's 1933 Manual
of the Southeastern Flora, and search reveals no further mention of
tihe species in any of the literature except in some 1960 and 1963
mimeographed taxonomic studies by Ralph W. Bennett, President
of the American Penstemon Society, which follow Small's and Pen-
nell's works, and in the annual bulletins of the Society. Ihave not
found it treated in any synonymy with other species.
Frank S. Crosswhite, a graduate student at the University of
Wisconsin, working on his doctorate in the genus Pcnstemov, has
published several papers dealing with the Graciles Series, including
a revision of the Series (Crosswhite 1965a, 1965b, 1966). Crosswhite
does not mention P. tenuis, and apparently did not request the
specimens from the University of Arkansas Herbarium, as they do
not bear his annotation label as do the specimens of other members
of the Series, and they were available to me at a time when he
had the other specimens.
Dr. George J. Goodman, Curator of the Bebb Herbarium, Uni-
versity of Oklahoma, suggests that Small did not include P. tenuis
in his 1933 Manual because he had narrowed the range from that
covered in his 1903 Flora, and perhaps considered Arkansas, eastern
Texas, and Louisana as southwestern rather than southeastern. This
may also account for the species not having appeared in Gray's
Manual (Fernald 1950) nor in Britton and Brown (Gleason 1952)
and Cronquist's treatment in Gleason and Cronquist's Manual (1963).
Itmay also be noted that there is a paucity of floral literature for
the area with which we are concerned, it being outside the scope
of Waterfall's Keys to the Flora of Oklahoma (1966), Goodman's
Spring Flora of Central Oklahoma (1958), Shinners' Spring Flora
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of the Dallas-Fort Worth Areat (1958), and Steyermark's Flora
of Missouri (1963).
The lack of collecting activity in this area may help to explain
the second enigma — why does P. tennis have such scant representa-
tion in herbaria; why has it not been reported from suitable habitats
throughout the range; and why were no specimens collected and de-
posited in the University of Arkansasa Herbarium over a period
of 26 years?
My only other possible answer to both enigmas is that the
species may be ephemeral.
Ifirst saw and collected P. tenuis in 1964, when it was called
to my attention by Freeman Thomas. It was blooming at the edge
of two small cypress and water tupelo swamps in Pulaski County,
Arkansas, near North Little Rock. Icollected it again in 1966 at
one of these sites, where it grew to a height of near 1m in grass
and brush at the borderline of the swamp and a field, but it had
disappeared in 19G5 from the other site, which was pastured up to
the water's edge. Also in 1965 Iphotographed it growing in great
abundance along the roadside ditch of U.S. Highway 67 at the south
edge of Jacksonville, Pulaski County, Arkansas, in heavy yellow
soil with Bermuda grass sod adjacent to a soybean field. Here the
plants were in full sun and grew to a height of only about 5 dm,
but vigorously and with many stems. Inl966 there was very little
P. tenuis in this location, and in 1967 there was none, not surprising,
considering that the Highway Department had mowed the road-
sides regularly.
Itransplanted two of these plants in bloom in 1965 into garden
loam at my home in Mena, Arkansas (Polk County), where they
grew vigorously in 1966 and 1967 to a full 1 m height, with many
stems, blooming abundantly. They disappeared in the summer of
1967. Isent seed of the 1966 crop to Fred Fate, at Columbia, Mis-
souri, and to Ralph Bennett, at Arlington, Virginia. These men are
members of the American Penstemon Society who have been active
for many years in selecting and hybridizing Penstemons for pos-
sible horticultural use. Neither had ever seen P. tenuis, but both
are interested in introducing the color of this species, which is re-
portedly the most colorful of the Graciles Series. Both Mr. Fate and
Mr. Bennett reported excellent germination and the growth of
healthy young plants. Apparently the evanescence, if there is such,
is not due to lack of viability of the seed.
As to evidence of the specimens examined by me, most of them
represent old collections, with wide gaps in distribution both in time
and geographical location. From UARK, all Arkansas specimens:
LONOKE CO., two collections by J. T. Buchholtz, both from near
Austin, in 1921; FAULKNER CO., two collections by Buchholtz,
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from Cove Creek and from near Conway, on two successive days in
1924; HEMPSTEAD CO., a collection by E. J. Palmer 24973, from
McNab, in1924; PULASKI CO., a collection by E. J. Palmer 3033G,
from near LittleRock, in 1926 (cited by Pennell, 1935) ;LINCOLN
CO., a collection by D. M. Moore 31380, from Grady, in 1931; JOHN-
SON CO., a collection by D. M. Moore, from Pilot Rock, (not bearing
Dr. Moore's number, labeled P. arkansanus, but obviously P. tennis
and so annotated by me), in 1938. The Bebb Herbarium at the Uni-
versity of Oklahoma had only two specimens, from Louisiana, both
collected and determined by Charles M. Smith in 1941; OUACHITA
PARISH, n. of Monroe, and 15 mi. s. of Monroe.
The next collections, in both UARK and OKL, are mine of
1964 and 1966: PULASKI CO. (Arkansas), McWilliam and Thomas
1999 and McWilliam P6675.
This species is quite distinct from other members of the
Graciles Series represented in its range, /' digitalis, P. arkansanus,
P. pallidus, and P. laxiflorus. Attention should be given by field
botanists to its collection and inclusion in possible future floras or
other taxonomic publications relating to this area.
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Coreopsis Saxicola Alex. Var. Duncanii Sherff
(Compositae) in Arkansas 1
EDWIN B. SMITH
Department of Botany & Bacteriology
University of Arkansas, Fayetteville
Recently, while studying a folder of unidentified Arkansas
Coreop8is in the herbarium, Icame upon a specimen resmbling C.
grandiflora Hogg, a common species on the state. The specimen was
one of Demaree's collections (D. Demaree S257) collected May 10,
1927 at Calico Rock in Izard County. This area is part of the Ozark
Highlands (No. 9, Soil Association Map, Agric. Extension Service,
U. of Ark.), and near Calico Rock includes bluffs of dolomite over-
lain by sandstone, with, occasional sink-holes.
With closer examination of the specimen, Ifound that the
wings of the achenes were fimbriate, a characteristic of C. saxicola
Alex. Irequested the loan of all material of that species from the
herbaria of the Missouri Botanical Garden, the University of Georgia,
and the University of North Carolina. Ireceived a total of seven
sheets, plus information on an eighth one from the U. of North
Carolina.
Demaree's specimen, with narrow eciliate leaf segments, proved
to be Coreopsis saxicola Alex. var. duncanii Sherff. Previously, this
taxon was known only from the type locality: Echol's Mill southwest
of Point Peter, Oglethorpe County, in northwest Georgia (Sherff
and Alexander, 1955). The Izard County, Arkansas collection repre-
sents the second known station for the taxon, about 500 air miles
northwest of the first station, and is the first record of its presence
in Arkansas.
A field trop to Calico Rock is planned in June of this year to
determine if the population has persisted.*
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Microirradiation of LivingFungal Cells with a Laser 1
John L. Robertson and Charles L. Wilson
INTRODUCTION
The introduction of the laser into biology has provided a tool
with which new questions can be asked, and possibly answered. It
has proven to be a useful instrument for microsurgery because a
very small area of the cell can be destroyed with little apparent
damage to the remaining portions. There is evidence that laser
radiation can be used as a mutagen in much the same manner as
x-ray or other types of radiation. This paper discusses the methods
involved in preparation of living fungal materials for irradiation with
a laser beam and describes some responses of irradiated cells. To
our knowledge, experiments of this nature have not been performed
previously with the fungal cell.
MATERIALS AND METHODS
Material to be irradiated was prepared by inoculating agar-
dipped slides wth blocks of agar containing fungal mycelium. In-
oculated slides were incubated at 24°C for 15 to 18 hours in a
moist petri dish. Agar-dipped slides were prepared as follows: sterile
slides, .96 to 1.06 mm in thickness, were dipped into hot Difco Oak
Wilt agar in a sterile petri dish and allowed to become well covered.
They were then held on end to drain off excess agar, leaving only
a thin film on the slide. After inoculation and incubation of the
fungus the excess agar was scraped off the slide leaving a small
square of the agar with fungal hyphae. A cover slip, no. 0, was then
placed on the slide and all edges of the coverslip were sealed with
paraffin.
A Leitz phase-contrast microscope with Heine condenser was
used in conjunction with a TRG bio-coupling model 153A laser
system. Shots were fired through a Leitz 70x oil fluorite objective.
The laser has a maximum power input of 230 joules and could be
fired once every minute with a pulse duration of 150 u sec. The laser
was aimed by use of a set of crosshairs in the ocular of the micro-
scope. Because of the large size of its cells, Basidiobolus ranarun
Eidam was the fungus used in this study.
RESULTS
The results of microirradiation are affected by the activity
of the cell at the time of irradation. Ifthe cell is dividing, a muta-
:Published with the approval of the Director of the Arkansas Agri
cultural Experiment Station.
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genie effect may be obtained. When a shot is directed into the
chromatin at telophase, a portion of the chromatin is destroyed with
the resulting formation of a nucleus which is much reduced in size.
If a shot is directed into the spindle during division, no cell
wall subsequently forms, so that a cell with two nuclei is produced.
When a nucleolus is irradiated at one end (Fig. 1) a darkened
area appears at the focal point of the beam. After a period of about
2 minutes the nucleolus can be seen to constrict at the point of
irradiation (Fig. 2). Approximately two hours after tihe initial
shot, a portion of the nucleolus may separate from the main body
(Fig. 3). The separated portion may fragment into small bodies
which remain within the nuclear envelope. (Fig. 4).
The elongation of a cell can be arrested by irradiation of the
tip. This, however, must be done with care because it is quite possible
to burn a hole in the cell wall permitting the cytoplasm to escape
through it. These holes generally range in size from 1 to 3 u (Fig. 5).
DISCUSSION
Th<e amount of the cell damaged, and the type of damage done
by laser irradiation depends on several factors. The amount of
energy input and the size of the aperture affects the size and in-
tensity of the beam in the TRG system. Magnification also affects
the size of the damaged area: the higher the magnification, the
smaller the damaged area. Ifthe microscope is out of focus, a much
larger portion of the cell will be damaged. The depth at which the
cell is embedded in the agar also determines how effective a shot will
be; this is one reason for the importance of the thin film of agar
on the slide. Thin preparations are absolutely essential in order to
obtain good results with laser irradiation through the microscope. It
also encourages the fungus to grow in one plane, thus allowing entire
cells to be brought into focus at the same time.
The reaction of the nucleolus when irradiated indicated that
there is something which bounds its contents. Although no membrane
has been found around the nucleolus with ultrastructure studies, the
evidence presented here appears to indicate that one may be present.
Such a membrane might not have the generally accepted unit mem-
brane structure and therefore, would not be detectable by the methods
generally used in electron microscopy. A membrane that is highly
elastic and capable of repairing itself following breakage is suggested
by responses of the nucleolus to microirradiation.
With laser radiation there is a possibility of increasing or re-
ducing ploidy by selectively destroying the spindle or part of the
nuclear material.
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Laser irradiation should provide a valuable tool for studies to
better understand the fungal cell. The opportunity to selectively
destroy parts of the cell should allow morpihpgenic and genetic
studies to be made that were hitherto impossible.
DESCRIPTION OF FIGURES
Microirradiation of Basidiobolus Ranarum With Laser
Fig. 1. 650x Nucleolus shortly after irradiation. Arrow at point
of irradiation.
Fig. 2. 650x. Constriction of same nucleolus (arrow) 2 minutes
after irradiation.
Fig. 3 650x. The point of initial irradiation (R) at the far left
and constriction of nucleolus (c).
Fig. 4. 1500x. Fragments (F) of nucleolus within the nuclear
envelope.
Fig. 5. 1500x. Irradiated area at the tip.
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Translocation of Tobacco Ringspot Virus
in Cucumber and Zinnia1
B. J. Moore and J. M. McGuire2
Tobacco ringspot virus (TRSV) is effectively transmitted to
the roots of several species of plants by the American dagger nema-
tode, Xiphinema amcricanum Cobb (2, 4). Since demonstrated effect
of TRSV on host plants has been on above ground parts of the plant,
translocation of the virus from points of inoculation by the nematode
vector to other parts of the plant is important. Fulton (3) found that
TRSV, as well as several other viruses, moved downward from
points of inoculation of tobacco and tomato roots much more rapidly
than they moved upward. Bergeson, et. al (1) reported limited move-
ment of TRSV from inoculated roots to tops of soybean plants.
In initial tests of nematode transmission of TRSV, differences
in translocation of the virus from roots to tops of cucumber and
zinnia became evident (J. P. Fulton, personal communication).
Studies were thus initiated to determine patterns of translocation
of TRSV from roots to tops of cucumber and zinnia and subsequently
to determine whether restricted translocation to tops of zinnia could
be accounted for by lack of translocation in the roots following trans-
mission by X. americanum.
MATERIALS AND METHODS
The TRSV used in these tests was a yellow strain used by
Fulton (2) and McGuire (4). Nematodes were obtained from a soilbed
in the greenhouse cropped with Sudan grass [Sorghum vulgare
Pers. var. sudanense (Piper) Hitchc.J . Cucumber (Cucumis sativus
L. 'Model') and zinnia (zinnia elegans Jacq. 'Will Rogers') were
used as test plants for nematode transmission and study of virus
translocation.
Nematodes were handled essentially as described by McGuire
(4). Virus-free nematodes were screened from soil, handpicked, and
washed into sterilized fine river sand in which TRSV-infected cu-
cumber was growing. The plants were kept at 28°C under fluorescent
lights. After an acquisition access period of at least 7 days, nema-
todes were removed from the sand by screening and active nematodes
were handpicked and added to root zones of healthy cucumber or
zinna test plants growing in sterilized fine river sand in pots or
'Supported in part by NSF Grant No. Gy 2609
'Respectively, Undergraduate Research Participant and Associate
Professor, Department of Plant Pathology, University of Arkansas,
Fayetteville.
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cups without holes. All test plants were held at 28°-30°C soil temper-
ature in a heated sandbed in the greenhouse.
Blackeye cowpea (Vigna sinensis L. 'Monarch') and cucumber
were used as indicator plants to detect virus infection. Portions of
test plants were ground in 0.05 M phosphate buffer, pH 7.0, and
rubbed on primary leaves of cowpea and cotyledons of cucumber
seedlings after dusting with 600 mesh Carborundum powder. Pres-
ence of symptoms of TRSV on indicator plants (local necrotic lesions
on cowpea and a systemic chlorotic mottle on cucumber) was con-
sidered as evidence for presence of TRSV in the portion of the plant
that was indexed.
Three types of tests were conducted to study translocation of
TRSV in roots. In the first test, single viruliferous nematodes were
washed into sand in pots, each containing a single healthy cucumber
or zinnia seedling in the cotyledonary stage. The test plants were
divided ito four groups and, at weekly intervals for four weeks,
roots of a group of zinnia and cucumber were indexed for presence
of TRSV. Each plant was washed from the sand and its root system
was floated on a pan of water, separated into four sections and each
section was labeled. Each section of the root system was removed
and indexed.
Since the points of virus inoculation by the nematode could
not be determined in the first test, alterations were made in the
second test. Test plants were started in sand in 100 ml plastic beakers
with holes in the bottoms of the beakers. As the roots began to grow
through the holes, the beakers were placed in 3 inch pots containing
sterilized sand. A single viruliferous nematode was washed into
each lower pot near the root that had grown into it. Groups of
these plants were indexed 2, 3, and 4 weeks after nematodes were
added. Roots of each plant from the pot and the beaker were in-
dexed separately.
In the third test, a split root system was used. Zinnia, used
as test plants, were grown for approximately 2 weeks in sterilized
soil, then the root system of each plant was divided by splitting the
tap root to the stem with a razor blade. The split root system was
divided in the same pot by a plastic barrier, or in separate plastic
cups held together by staples. Ten viruliferous nematodes were added
to one side of each root system by washing them into the sand, or
one side of the root system was mechanically inoculated by scratch-
ing the root and injecting purified virus into and on the scratched
area. Plants were removed at various intervals and roots from
each side of the split system and tops were indexed.
RESULTS AND DISCUSSION
Tobacco ringspot virus was recovered from the tops of approx-
imately 25% of zinnia plants and 85% of cucumber plants to which
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transmission occurred. This is a composite of all tests on trans-
mission of TRSV by X. americanum over the past 5 years when
plants were indexed about 4 weeks after nematodes were added. In
several tests, virus was recovered only from roots of zinnia, whereas
virus was always recovered from tops of a high percentage of cu-
cumber plants. Symptoms were usually evident on leaves of a ma-
jority of the cucumber plants within 2-3 weeks after addition of
nematodes. These results indicate a difference in translocation of
TRSV from roots to tops of these plants; or a difference in virus
replication in leaves. The former seems more likely, since both
plants are easily infected with TRSV by mechanical inoculation of
cotyledons.
Tests were conducted to determine whether the difference in
translocation to tops of zinnia and cucumber could be accounted for
by a difference in time of translocation from the point of root
inoculation. When single nematodes were used to inoculate cu-
cumber and zinnia root systems, and roots were divided into four
sections which were indexed separately, there was no difference in
translocation in roots of the two plants (Table 1). Virus was re-
covered from roots of 2 cucumber and 1 zinnia within a week after
nematodes were added, and in each case it was recovered from more
TABLE 1. Recovery of tobacco ringspot virus from sections of
cucumber and zinnia roots in the same pot following
transmission by single X. americanum
Number of virus- Number of plants with virus in
infected plants 2 or more root sections 1
addition of
nematode Cucumber Zinnia Cucumber Zinnia
1 wk. 2 1 2 1
2 wk. 8 5 8 4
3 wk. 2 6 2 6
4 wk. 8 8 8 8
Each root system was divided into 4 sections, and each section was
indexed separately for presence of TRSV.
than one root section on each plant. Indexing at 2, 3 and 4 weeks
showed that virus was systemic in root systems of both cucumber
and zinnia.
In a second type of test, portions of the root systems of plants
grew through holes in the bottoms of plastic cups into pots, and
single nematodes were added to each pot. Roots of each plant from the
cups and the pots were indexed separately. Most of the plants were
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indexed approximately 4 weeks after nematodes were added. Virus
was systemic in roots of both cucumber and zinnia (Table 2).
Split root systems were also used to study virus translocation
in zinnia. Virus was recovered from roots from the side where
nematodes were added and from roots from the side without nema-
todes of 70% of infected plants. These were indexed 3-12 weeks after
nematodes were added. No nematodes were ever found when sand
from the side where no nematodes were added was screened. Virus
was recovered from the tops of 20% of the infected plants (Table 3).
TABLE 2. Recovery of tobacco ringspot virus from roots of cu-
cumber and zinnia in separate pots following transmis-
sion by X. americanum in one pot
Number of virus- Number of plants with
IU> " r infected plants virus systemic in roots'
addition of
nematode Cucumber Zinnia Cucumber Zinnia
3 wk. 10 1 0
4+ wk.* 10 18 10 16
'Roots from pot where nematode was introduced and from cup with-
out nematode were indexed separately for presence of TRSV.
*Plants were indexed over a period of 4 days.
TABLE. 3. Translocation of tobacco ringspot virus in split root sys-
tems of zinnia following transmission by X. americanum
No. of No. of plants with
Time after nema- infected virus systemic No. of plants with
todes added plants in roots 1 virus in tops*
3 wk. 4 4
—
4 wk. 11 8 2
5 wk. 18 14 3
6 wk. 14 6 4
12 wk. 2 2 1
'Each side of the split root system and leaves from each plant indexed
separately for presence of TRSV.
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Roots on one side of the split systems of a few plants were
mechanically inoculated with TRSV. Two plants which were in-
dexed after 4 weeks were infected and virus was recovered from
both sides of the split root systems. Virus was also recovered from
the top of one of these plants.
The results of these studies show TRSV is translocated through-
out the root systems of both cucumber and zinnia following trans-
mission to the roots. There was no evident difference in the time
of translocation from the points of inoculation to other parts of
roots of cucumber and zinnia. Thus, the difference in translocation
of TRSV to tops of these plants cannot be accounted for by a dif-
ference in behavior of the virus in the roots. Fulton (3) reported
that TRSV moved very slowly from point of inoculation of tobacco
and tomato roots, but seemed to move more slowly upward than
[ownward in the roots. Up to eleven days after mechanical inocula-
ion TRSV was not recovered above the point of inoculation, and
nfrequently below this point. He postulated that the virus moved
lowly through root parenchyma and was slow reaching the phloem,
f this is true in cucumber and zinnia, then the virus must move
rapidly throughout the root system once it reaches the phloem.
Systemic invasion of roots of both plants occurred in 2 to 3 weeks.
Iln the plants with split root systems, it was necessary for theirus to move into the base of the stem in order to get to the otheride. Yet virus was recovered from tops of only a small part of theselants. Ittherefore seems that the barrier to movement to the topf the plant must be in the lower stem area.
LITERATURE CITED
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PURIFICATION OF SOYBEAN MOSAIC VIRUS
Wayne G. Horn1 and H. J. Walters
Department of Plant Pathology
University of Arkansas
Symptoms of soybean mosaic virus (SMV) in soybean include
mosaic, rolling and puckering of foliage, and chlorosis of older leaves.
The virus may significantly reduce yields of soybeans and cause a
mottling of the seed (1). The characterstic particles associated with
SMV are long flexuous rods about 740 mm in length. Galvez (2)
reported aggregation of the particles during purification which
prevented isolation of the virus sufficiently pure to produce antiserum
free of antibodies to normal host antigens. Ross (4) reported purifica-
ton of SMV and production of antisera free from host antibodies
by using 0.5 M citrate buffer during low speed centrifugation and
suspending the pelleted virus after high speed centrifugation in a
weak borate buffer. However, this procedure did not eliminate
virus loss due to aggregation of particles during the high speed
centrifugation.
Several viruses, including those with particles that are long
flexuous rods, have been purified by filtration through granulated
agar columns (3, 5, 6, 7, 8). The object of this investigation was to
purify SMV without aggregation by using agar gel filtration com-
bined with alternate high and low speed centrifugation.
MATERIAL AND METHODS
The virus used was a strain of SMV used in past host-range
studies (9). Soybean (Glycine max var. Hill) was used for in-
creasing the virus and as a systemic indicator host. Inoculations
were made by rubbing carborundum-dusted leaves with gauze pads
either soaked in sap produced by grinding infected soybean leaves
on 0.5 M potassium phosphate buffer (pH6.5) or soaked in virus
preparations obtained during the course of purification.
Low-speed centrifugations were performed in a Lourdes LCA-1
centrifuge at 4°C. The virus was pelleted at 30,000 rpm for 60 min.
in the No. 30 rotor of a Spinco model L ultracentrifuge.
. In this study a column similar to that described by Van
Regenmortel (7) was used. Four percent lonagar No. 2 was pre-
pared and ground in a Waring Blender until the granules could
pass through a 40-mesh sieve but not a 60-mesh sieve. The granules
'Participant
— Undergraduate Research Participation Program in
Plant Pathology
—
NSF Grant No. GY2609.
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were packed in a glass column 60 cm by 2 cm, covered with a thin
pad of glass wool, and washed with a liter of 0.01 M sodium borate
buffer (pH8.3). Ths buffer was used throughout purification unless
otherwise noted. Column experiments were conducted at about 22°C.
Dialysis was performed in 4 liters of 50% polyethylene glycol
with an Oxoid multiple dialyzer at 4°C.
Ultraviolet absorption spectra were taken with a Beckman
DB-G spectrophotometer with virus diluted sufficiently to place
peaks within an absorbance range of 0.2-0.8.
Virus antiserum was produced by injecting a rabbit intra-
muscularly with 1mg of purified virus in 1ml of buffer emulsified
with 1 ml of Freund's incomplete adjuvant (Difco), with 3 in-
jections given at 6-day intervals. Blood samples of 50 ml were col-
lected on each of 2 days at a 7-day interval starting 7 days after
the last injection. Antiserum dilution end points were determined
by microprecipitin tests. Results were recorded after the tests had
been incubated 1hour at 37°C and left overnight at 4°C.
Partial purification of the virus followed closely the tech-
nique used by Ross (4). Harvested SMV-infected soybean leaves
(100 g) were homogenized in 200 ml of 0.5 M sodium citrate with
1% 2-mercaptoethanol. The pulp was extracted by straining the
extract through 2 layers of cheese cloth. While the extract was stirred,
16 ml of n-butanol was slowly added. After curdling was evident,
the preparation was placed in a cold room overnight at 4"C. The
extract was then clarified at 10,000 rpm for 10 minutes in the 9RA
rotor of the Lourdes centrifuge. The supernatant was decanted
through glass wool and an amber liquid was obtained. The volume
of the liquid was reduced to 25 ml by dialysis against 50% polyethy-
lene glycol. To reduce loss of virus adhering to the tubing during
dialysis, 50 ml of the liquid in each of 4 tubes was reduced to 25 ml,
the contents of the 4 tubes combined into 2 tubes, and process re-
peated until 25 ml remained in one tube. Following concentration
sufficient sucrose was added to increase density of the liquid 10%
by weight and the liquid placed on the column under 70 ml of buffer.
The liquid was filtered through the column at th^e rate of 20 ml/hour.
The effluent passed through an ISCO ultraviolet analyzer with wave
length set at 254 mu and was collected in 6 ml volumes by a fraction
collector.
RESULTS AND DISCUSSION
Infectivity was associated with the initial peak on the UV
analyzer graph indicating that the virus was eluted between 50 and
120 ml and followed by plant components. Considerable overlapping
of the two fractions was evident.
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Fractions containing the 50 to 100 ml portion of the elution
volume were combined and the virus pelleted by high speed centri-
fugation. The pellets were resuspended in 2 ml borate buffer. Ab-
sorption spectra of fractions taken in the 50 to 70 ml range of the
elution volume showed the maxium peak at 257 mu and a minimum
at 234 mu.
Virus antiserum tested against the purified virus preparation
and against clarified sap from SMV-infected plants gave the floc-
culent type of precipitate characteristic of rod shaped viruses. Some
precipitation was observed with clarified healthy plant sap. The
antiserum dilution-end-point against the purified virus was 1:16.
The purification process was carried out several times. Dry weight
determinations indicated that approximately 2.1 mg vrus were ob-
tained per 100 g plant tissue.
Separation of SMV and host protein using the agar column
was difficult due to overlap of the two components during filtration.
High speed centrifugation was found to be the most efficient
method of concentrating the purified virus, although this procedure
resulted in partial loss of infectivity. A sharp peak was obtained at
both the maximum of 257 mu and minimum of 234 mu on the spec-
trophotometer. Ross (4) reported a broad maximum peak at 260-265
mu and a sharp minimum peak at 245 mu, along with a tryptophan
shoulder at 290 mu, which was not evident in the present studies.
The overlapping of the virus and plant protein during filtra-
tion through the column explains the presence of precipitate when
clarified healthy plant sap was reacted with the virus antisera.
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REPORT ON THE GRAMINEAE OF THE ARKANSAS
SPRINGFIELD PLATEAU
Albert Robinson, Jr.
INTRODUCTION
Tlys is the second in a series of papers dealing with the
Gramineae of Arkansas. A previous paper by Robinson (1964) re-
ported on the Salem Plateau area. A subsequent paper will deaJ
with the Boston Mountain region.
The taxa presented represent the first report made for the
Springfield Plateau in North Central Arkansas. A total of 57 genera,
154 species, 33 varieties, and 2 forms is listed. The report is based
on collections made by the author, and specimens from the following
herbaria: KANU, SMU, TEX, UARK. Identification of specimens
was based primarily on the work of Hitchcock (1950) and Steyer-
mark (1963). Revisionary treatments by DeLisle (1963) of Cenchrus,
Digitaria by Ebinger (1962, Paspalum by Banks (1966), and
Sphenopholis by Erdman (1965) were consulted. Specimens col-
lected by the author have been deposited in The University of Kan-
sas Herbarium (KANU).
The author acknowledges with pleasure the cooperation of the
curators of the herbaria cited. He is particularly indebted to Dr.
Lloyd Shinners and Dr. Dwight Moore for their assistance. An NSF
Research Participation Grant at the University of Texas supported
this study in part.
THE PHYSIOGRAPHIC AREA
The Arkansas Springfield Plateau is located in the northern
part of the state (Fig. 1). Its bounded on the north by the Salem
Plateau and on the south by the Boston Mountains. Escarpments
delimit the Springfield Plateau from the adjacent physiographic
areas. Elevations range from 450 feet above sea level along the
eastern boundary to over 1500 feet in the western portion. In a few
local areas elevations may reach 1700 feet. Croneis (1930) mentions
two features which may be utilized to distinguish this region ge-
ologically: the surface rock belongs to the Boone formation, and the
presence of solution valleys. The weathering of limestone h,as re-
sulted in the chert so characteristic of the soil of this area. Soils
are of the Red- Yellow Podzolic type and are acid except for cedar
glade areas where the reaction tends to b basic. Summers are warm
and winters are relatively mild. The growing season is approximate-
ly 200 days. Annual precipitation is 40 to 50 inches with more than
lialf occurring between April and October. The region is covered
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Fig. 1. Map of the Springfield Plateau in Arkansas
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with second growth oak-hickory forest with red cedar (Juniperus
virginiana L.) and short leaf pine (Pinus echinata Mill.) very
abundant in local areas.
LIST OF TAXA
Each taxon cited is followed by a list of counties in which it
has been collected by the author or its presence substantiated by
herbarium specimens.
Aegilops cylindrica Host.
Stone, Washington.
Agropyron repens L.
Caroll, Marion, Washington.
Agrostis alba L.
Benton, Washington.
A. Elliottiana Schult.
Benton, Madison.
A. hyemalis (Walt.) B.S.P.
Benton, Boone, Madison, Stone, Washington.
A. palustm'8 Huds.
Boone, Washington.
A. perennan.8 (Walt.) Tuckerm.
Benton, Carroll, Independence, Newton, Searcy, Stone, Wash-
ington.
A. spica-venti L.
Independence.
Aira caryophyllea L.
Benton.
A. elegans Wild, ex Gaudin.
Benton.
Alopecurus carolinianus Walt.
Benton, Madison, Washington.
Andropogon Elliottii Chapm.
Boone, Independence, Searcy, Washington.
A. Gerardi Vit. v. Gerardi
Benton, Boone, Carroll, Independence, Newton, Washington.
A. saccharoides Swartz.
Boone, Marion, Washington.
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A.scoparius Michx.
Benton, Boone, Carroll, Independence, Washington.
A. ternarius Michx.
Benton, Carroll, Stone, Washington.
A. virginicv.8 L.
Benton, Boone, Carroll, Independence, Searcy, Stone, Washing-
ton.
Aristida Curtissii (A. Gray) Nash
Cleburne, Newton, Washington
A. dichotoma Michx
Benton, Boone, Carroll, Stone, Washington.
A. longespiea Poir.
Benton, Boone, Searcy, Washington.
A. oligantha Michx.
Benton, Boone, Carroll, Madison, Stone, Washington.
A. purpurascens Poir.
Benton, Boone, Washington.
A. ramosissima Engelm. ex A. Gray
Washington.
A. virgata Trin.
Independence.
Arrhenatherum elatius (L.) Presl.
Madison, Washington.
Arthraxon hispidus v. cryptatherus Hack
Washington.
Arundinaria gigantea (Walt.) Chapm.
Searcy, Stone, Washington.
Brachyelytrum erectum (Schreb.) Beauv.
Benton, Crawford, Newton, Stone.
Bromu8 catharticus Vahl.
Washington.
B. commutatis Schrad.
Benton, Independence, Newton, Stone, Washington.
B. inermis Leyss.
Benton, Washington.
B. japonicus Thumb.
Benton, Independence, Marion, Newton, Stone, Washington.
B. purgans L.
Benton, Carroll, Madison, Searcy, Stone, Washington.
B. 8ecalinus L.
Carroll, Washington.
B. sterilis L.
Benton, Carroll, Washington.
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B. tectorum L.
Searcy, Stone, Washington.
Cenchrus incertus M. A. Curtis
Marion, Washington.
Chloris verticilla Nutt.
Newton, Washington.
Cinna arundinacea L.
Benton, Marion, Washington.
Cynodon dactylon (L.) Pers.
Carroll, Newton, Stone, Washington.
Cynosurus echinatus L.
Washington.
Dactylis glomerata L.
Benton, Independence, Marion, Newton, Stone, Washington.
Danthonia spicata (L.) Beauv.
Benton, Boone, Independence, Madison, Marion, Newton, Stone
Diarrhena americana Beauv. v. americana
Carroll, Newton.
Digitaria adscendens (HBK) Hen.
Benton, Boone, Carroll, Madison, Marion, Searcy, Stone, Wash
ington.
D. filiformis (L.) Koel.
Benton, Independence, Washington.
D. ischaemum (Schreb.) Schreb. ex Muhl.
Benton, Carroll, Madison, Searcy, Washington.
D. savffuiualis (L) Scop.
Benton, Boone, Carroll, Madison, Searcy, Stone, Washington
D. villusa (Walt.) Pers.
Boone.
D. violascens Link
Carroll, Washington.
Echinochloa crusgalli (L.) Beauv. v. crusgalli
Madison, Newton, Searcy, Stone.
E. muricata v. microstachya Wieg.
Boone, Carroll, Madison, Marion, Stone
Elcusine indica (L.) Gaertn.
Boone, Carroll, Newton, Searcy, Stone, Washington.
Elymus riparius Wieg.
Washington.
E. villosus Muhl.
Benton, Independence, Madison, Searcy, Stone, Washington.
E. viriginicu8 v. australis (Scribn. & Ball) Hitchc.
Benton, Boone, Carroll, Newton, Stone, Washington.
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E. virginicus v. glabriflorus (Vasey) Bush
Benton, Boone, Carroll, Independence, Newton, Searcy, Stone,
Washington.
E. virginicus L. v. virginicus
Benton, Boone, Washington.
Eragrostis capillaris (L.) Nees.
Benton, Boone, Marion, Newton, Stone, Washington.
E. cilianensis (All.) Lutati
Newton, Searcy.
E. Frankii C. A. Meyer
Benton, Carroll, Newton, Washington.
E. glomerata (Walt.) L. H. Dewey
Washington.
E. hirsuta (Michx.) Ness.
Baxter, Benton, Carroll, Washington.
E. hypnoides (Lam.) B.S.P.
Benton, Marion, Newton, Washington.
E. intermedia Hitchc.
Boone, Washington.
E. pectinacea (Michs.) Nees
Benton, Boone, Madison, Newton, Searcy, Stone, Washington.
E. pilosa (L.) Beauv.
Newton, Washington.
E. spectabilis (Pursh.) Steud.
Benton, Boone, Carroll, Independence, Marion, Newton, Searcy,
Stone, Washington.
Erianthus alopecuroides (L.) Ell.
Carroll, Independence, Marion, Newton.
Eriochloa contracta Hitchc.
Washington.
Festuca arundinacea Schreb.
Washington.
F. elatior L.
Stone.
F. megalura Nutt.
Independence.
F. myuro8 L.
Newton, Stone.
F. obtusa Bieler
Benton, Independence, Madison, Newton, Stone, Washington.
F. octoflora Walt.
Benton, Independence, Newton, Stone, Washington.
F. paradoxa Desv.
Benton, Madison.
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F. rubra L.
Independence, Searcy, Stone, Washington.
Glyceria striata (Lam.) Mtchc.
Benton, Newton, Searcy, Stone, Washington.
Gymnopogon ambiguus (Michx.) B.S.P.
Carroll, Independence, Newton, Washington
Holcus lanatus L.
Benton, Washington.
Hordeum pusillum Nutt.
Benton, Marion, Newton, Stone, Washington.
Hystrix patula Moench
Benton, Carroll, Stone, Washington
Koeleria crstata (L.) Pers.
Benton, Washington.
Leersia oryzoides (L.) Sw.
Benton, Boone, Stone, Washington.
L. virginica Willd.
Benton, Boone, Stone, Washington.
Leptochloa filiformis (Lam.) Beauv.
Benton, Carroll, Marion, Washington.
L. cognatum (Schult.) Chase
Benton, Boone, Washington
Limnodea arkansana (Nutt.) L. H. Dewey
Benton, Washington.
Loliummultiflorum Lam.
Stone, Washington.
Manisuris cylindrica (Michx.) Kuntze
Washington.
Melica mutica Walt.
Benton, Stone, Washington.
M. nitens (Scribn.) Nutt.
Benton, Boone, Washington.
Muhlenbergia brachyphylla Bush
Benton, Washington.
M. capillaris (Lam.) Trin.
Newton, Washington.
M. frondosa f. commutata (Scribn.) Fern.
Stone.
M. glabriflora Scribn.
Washington.
M.mexicana (L.) Trin.
Benton.
M.Richardsonia (Trin.) Rydb.
Benton.
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M. Schreberi Gmel.
Benton, Boone, Newton, Stone, Washington.
M. sobolifera (Muhl.) Trin. f. sobolifera
Benton, Independence, Newton, Washington.
M. sylvatica Torr.
Carroll, Independence.
M. tenuiflora (Willd.) B.S.P.
Newton, Washington.
Panicum aciculare Desv. ex Poir.
Benton.
P. agrostoides Spreng.
Cleburne, Madison, Washington
P. anccps Michx.
Benton, Boone, Carroll, Cleburne, Independence, Stone, Wash-
ington.
P. annulum Ashe
Benton.
P. Boscii Poir. v. Boscii
Benton, Independence, Madison, Newton, Stone, Washington.
P. Boscii v. molle (Vasey) Hitchc. & Chase
Benton, Carroll, Independence, Newton, Searcy, Stone, Wash-
ington.
P. capillare L. v. capillare
Benton, Boone, Carroll, Cleburne, Independence, Madison, Wash-
ington.
P. clande8tinum L.
Benton, Carroll, Independence, Newton, Stone, Washington.
P. columbianum Sribn.
Stone.
P. commutatum v. Ashci (Pearson) Fern.
Benton, Carroll, Independence, Newton, Stone.
P. commutatum Schult. v. commutatum
Newton, Searcy, Washington.
P. consanguineum Kunth.
Carroll, Stone.
P. dichotomiflorum Michx.
Benton, Carroll, Cleburne, Madison, Searcy, Washington.
P. dichotomum v. barbulatum (Michx.) Wood
Benton, Madison, Newton, Searcy, Stone, Van Buren, Wash-
ington.
P. dichotomum L. v. dichotomum
Benton, Carroll, Madison, Washington
P. flexile (Gatt.) Scribn.
Benton, Carroll, Independence, Newton, Stone, Washington.
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P. hians Ell.
Washington.
P. lanuginosum v. fas cicidatum (Torr.) Fern
Benton, Independence, Madison, Newton, Stone, Washington
P. lauginosum Ell. v. lanuginosum
Madison, Newton, Stone, Washington.
P. lanuginosum v. Lindheimeri (Nash) Fern.
Benton, Boone, Independence, Marion, Newton, Stone, Wash
ington.
P. latifolium L.
Benton, Independence, Stone.
P. laxiflorum Lam.
Carroll, Independence, Madison, Newton, Stone, Washington
P. linearifolium Scribn.
Benton, Independence, Madison, Newton, Stone, Washington
P. lucidum Ashe
Benton, Independence.
P. malacophyllum Nash
Carroll, Independence, Stone, Washington.
P. microcarpon Muhl. ex Ell.
Independence, Newton, Washington
P. oligosanthes Schult. V. oligosanthes
Independence, Washington.
P. oligoaanthcs v. Helleri (Nash) Fern
Carroll, Stone, Washington.
P. oligosanthes v. Scribn erianum (Nash,) Fern.
Benton, Boone, Carroll, Newton, Stone, Washington.
P. philadelphicum Benth.
Washington.
P. polyanth.es Schult.
Benton, Independence.
P. scoparium Lam.
Benton, Washington.
P. Ravenelii Scribn. & Merr.
Boone, Stone, Washington.
Pi sphaerocarpon Ell. v. sphaerocarpon
Benton, Boone, Carroll, Independence, Newton, Stone, Wash-
ington.
P. virgatum L.
Benton, Carroll, Madison, Washington
Paspalum Bosdanum Flugge
Washington.
P. dilatatum Poir.
Washington.
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P. distichum L.
Washington.
P. floridanum Michx. v. floridanum
Washington.
P. floridanum v. glabratum Engelm. ex Vasey
Benton, Washington.
P. laeve v. circulare (Nash) Fern.
Washington.
P. laeve Michx. v. laeve
Benton, Boone, Carroll, Independence, Washington.
P. pubiflorum v. glabrum Vasey ex Scribn.
Boone, Carroll, Madison, Marion, Newton, Stone, Washington.
P. pubiflorum Rupr. ex Fourn. v. publiflorum
Washington.
P. repens Berg.
Benton.
P. setaceum v. Muhlenbergii (Nash) Banks
Benton, Boone, Carroll, Cleburne, Newton, Stone, Washington.
P. urvillei Steud.
Washington.
Phalaria arundinacea L.
Washington.
P. caroliniana Walt.
Benton, Carroll, Madison.
Phleum pratense L.
Benton, Washington.
Poa annua L.
Benton, Madison, Newton.
P. arachnif era Torr.
Washington.
P. bulbosa L.
Washington.
P. Chapmaniana Scrobn.
Newton, Washington.
P. compressa L.
Carroll, Independence, Stone, Washington.
P. pratensis L.
Benton, Madison, Newton, Stone, Washington.
P. sylve8tris A. Gray
Benton, Stone, Washington.
Schedonnardus paniculatus (Nutt.) Trin.
Washington.
Setaria corrugala (Ell.) Schult.
Washington.
S. Faberii Herrm.
Marion, Washington.
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S. geniculata (Lam.) Beauv.
Benton, Stone, Washington.
S. lutescens (Weigel) Hubb.
Benton, Boone, Carroll, Madison, Searcy, Stone, Washington.
S. verticillata (L.) Beauv.
Washington.
S. viridis (L.) Beauv.
Boone, Carroll, Independence, Madison
ington.
Newton, Stone, Wash
Sorghastrum nutans (L.) Nash
Benton, Carroll, Washington.
Sorghum halepense (L.) Pers.
Benton, Boone, Independence, Madison,
Washington.
Newton, Searcy, Stone
Spartina pectinata. Link
Benton, Washington.
Sphenopholis filiformis (Chapm.) Scribn.
Boone.
S. nitida (Bieler) Scribn.
Stone.
S. obtusata (Mchx.) Scribn. v. obtusata
Benton, Independence, Newton, Searcy, Stone, Washington.
Sporobolus asper (Michx.) Kunth. v. asper
Benton, Boone, Carroll, Independence Newton, Washington
S. asper v. Hookeri (Trin.) Vasey
Benton, Carroll, Washington.
jS. clandcstiniis (Bieler) Hitchc.
Carroll, Newton, Washington.
S. cryptandrus (Torr.) A. Gray
Newton.
S. heterolepis (A. Gray) A. Gray
Boone.
S. neglectus v. ozarkanus (Fern.) S. & K.
Newton, Washington.
S. vaginiflorus (Torr.) Wood
Benton, Newton, Stone, Washington.
Stipa avenacea L.
Stone.
Tripsacum dactyloides (L.) L.
Crawford, Washington.
Tridens Chapmani (Small) Chase
Newton.
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T. flavus (L.) Hitchc.
Benton, Boone, Carroll, Independence, Madison, Marion, New-
ton, Stone, Washington.
T. strictus (Nutt.) Nash
Washington.
Trisetum flavescens (L.) Beauv.
Washington.
Uniola latifolia Michx.
Benton, Carroll, Independence, Madison, Newton, Searcy, Stone,
Washington.
U. laxa (L.) B.S.P.
Washington.
U. 8e88iliflora Poir.
Washington.
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HETEROCYCLIC AROMATIC FLUORIDES BY
A MODIFIED SCHIEMANN METHOD (1)
Frank L. Setliff
Little Rock University
INTRODUCTION
The Schiemann Reaction (2) has long been employed by
organic chemists as the most efficient means of introducing flourine
into aromatic systems. The method is basically simple (equation 1)
and involves diazotization of a primary aromatic amine in hydro-
chloric acid followed by the addition of fluoboric acid (HBF4 ) to
the cold solution of the diazonium chloride. The precipitated dia-
zonium fluborate is then filtered from the reaction mixture and
thermally decomposed to yield the aromatic flouride. The success of
(1) ArNH 2£i-» ArNa+Cl" -£££* ? ArN3+EF4
-
£ p ArF
3 NaNO a 0° +
Na + BF3
the method lies in the fact that the diazonium fluborates are usually
formed in good yields and their stability permits thorough wash-
ing and purification before thermal decomposition. Furthermore, these
diazonium salts decompose smoothly without violence to generally
give good yields of the desired fluoride.
Rutherford and co-workers have shown that replacement of
fluoboric acid with hexafluorophosphoric acid (HPF 6 ) in the Schie-
mann Reaction (equation 2) results in much improved yields of aro-
matic fluoride from aromatic amine (3). The following significant
yield increases were realized over the classical Schiemann method:
(2) ArNHa HC1 a) ArN3
+
Cl- HFFg » ArNa
+
PF s
-
heat > ArP +
NaNO a O
Na + PF E
o-fluorobenzoic acid from anthranilic acid (-(-52%) ;p-fluorobenzoic
acid from p-aminobenzoic acid (-j- 49%); p-bromofluorobenzene
from p-bromoaniline (-j-27%); and p-fluoroanisole from p-amino-
anisole (-|-23%). Small yield increases were noted in numerous
other cases. The success of the HPF 6 method was attributed to the
increased insolubility of the diazonium hexafluorophosphates
(ArN2+PF 6
~ ) which would permit more efficient isolation and
purification before decomposition. Furthermore, phosphorus penta-
fluoride, a weaker Lewis acid than boron trifluoride, would be ex-
pected to promote less polymerization during decomposition.
RESULTS AND DISCUSSION
Our extension of this modified method to several aromatic
amines in the heterocyclic series, i.e. pyridines and quinolines has
surprisingly revealed a predominant inferiority of HPF6 to HBF4
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(see Table I; the HBF 4 yield data are taken from the literature).
The rather large differences in yields of fluorides from the 2-
aminopyridines may be experimentally accounted for. In these in-
stances it was necessary to diazotize the amines directly in the
presence of HPF 6 since the resulting diazonium hexafluorophosphates
are too unstable to be isolated before decomposition (8) (equation 3).
(3) ArNHa
—2=^2 ». ArNa PP a
~
NaNO 3O°
ArF + N3 + PF 6
The amine hydrohexafluorophosphates (ArNH3+ PF 6
~ ) which pre-
cipitate at the low temperature required for diazotization require
rather large quantities of water for dissolution before diazotization.
Thus, diazonium hexafluorophosphate hydrolysis would appear to be
a probable competitive side reaction to normal diazonium salt de-
composition. In addition, acid-catalyzed hydrolysis of the initially
formed fluoroderivative could be operative to a large extent (9).
Either of these side reactions would result in pyridol side products
as depicted in Scheme I.
As indicated in Table Ipyridols were indeed observed in addition
to the fluorides in the series of 2-aminopyridines studied. That acid-
catalyzed fluoride hydrolysis could be at least partially responsible
for the pyridol formation was established by independent experi-
ment. Under the conditions of the formation of 2-fluoro-3-methylpyri-
dine, pure 2-fluoro-3-methylpyridine was converted to 2-hydroxy-3-
methylpyridine in 31% yield. Itis assumed that similar results would
be obtained in other specific cases. The pyridols were identified by
mixed melting point determinatons with authentic samples prepared
by diazotization (and subsequent hydrolysis) of the appropriate
2-aminopyridine.
In those cases (i.e., 3-aminopyridine and 3-aminoquinoline)
where the stability of the diazonium hexafluorophosphate permitted
their isolation before decomposition, the resulting yields of aromatic
fluorides more nearly paralleled those obtainable by the HBF4 method,
with no accompanying pyridol formation.
EXPERIMENTAL SECTION
General Information. Hexafluorophosphoric acid is available as a
65% aqueous solution from the Ozark-Mahoning Co., Tulsa, Okla-
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homa. All diazotizations were carried out in a polyethylene beaker
and measured quantities of hexafluorophosphoric acid were added
from a polyethylene graduate cylinder. A positive qualitative test
for fluorine (10) was obtained on each fluoride, and a positive
ferric chloride test (11) on each pyridol. Melting points and boiling
points are uncorrected.
The 2-fluoropyridinea.
2-Aminopyridine or the appropriately substituted 2-amino-
methylpyridine (aminopicoline) ; (0.28 mole) was dissolved in a
mixture of water (110 ml.) and 65% hexafluorophosphoric acid(125 ml.). The solution was cooled at -5°, and solid, finely-divided
sodium nitrite (0.281 mole) was added in small portions over a
period of 1.5 hr. wifht efficient magnetic stirring and rigorous tem-
perature control (-5 to 0°) being maintained. At the end of the
nitrite addition the solution was stirred at room temperature for 30
minutes followed by warming to 45° for 30 minutes to insure complete
decomposition of the diazonium hexafluorophosphate. The crude
fluoride was obtained by cooling the solution to 5-10°, followed by
careful neutralization with sodium carbonate and steam distillation.
The oilwhich separated from the steam distillate was removed, and
the aqueous distillate was saturated with sodium sulfate and ex-
tracted with ether (50 ml.). The oil and ether extract were com-
bined and dried over anhydrous sodium sulfate. After removal of
the ether the appropriate fluoropyridine was distilled at atmos-
pheric pressure. Physical data are summarized in Table II.
The 2-pyridols.
The residues from the steam distillation of the fluoropyndines
were cooled and the solid material filtered and recrystallized from
benzene to yield the appropriate pyridols. Yield and physical data
are reported in Table III.
Preparation of authentic pyridol samples:
The appropriate aminopyridine (0.10 mole) was dissolved in
a mixture of sulfuric acid (30 ml.) and water (50 ml.) and the
resulting solution diazotized at 0° by the dropwise addition of a solu-
tion of sodium nitrite (.11 mole) in water 25 ml.). The solution was
then warmed to 70° for 1 hr., cooled to 10°, and made basic with
aqueous ammonia. The crude pyridols which precipitated were re-
crystallized from benzene.
HPF6 Hydrolysis of 2-fluoro.3-methylpyridine.
2-Fluoro-3-methylpyridine (5.0 g.) was dissolved in a mixture
of water (20 ml.) and 65% hexafluorophosphoric acid (20 ml.), and
the resulting solution warmed at 45° for 40 min. The solution was
cooled to 10°, made basic with sodium carbonate, and the resulting
mixture subjected to steam distillation. The steam distillate yielded
i t i till tion ri
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2.7 g. (54% recovery) of starting material. The pot residue from
the steam distillation deposited 1.52 g. (31%) of 2-hydroxy-3-
methylpyridine, m.p. 138°.
S-Fluoropyridine.
3-Aminopyridine (18.8 g.; 0.2 mole) was dissolved in a mixture
of water (100 ml.) and concentrated hydrochloric acid (75 ml.) and
cooled to 0° with stirring. Sodium nitrite (15.4 g.; 0.22 mole) dis-
solved in water (30 ml.) was added slowly to the cold, acid solu-
tion over a period of twenty minutes, maintaining the temperature
below 5°. Hexafluorophosphoric acid (70 ml.) was then added to the
cold solution causing instant precipitation of the diazonium hexa-
fluorophosphate. Complete precipitation of the diazo compound was
insured by added a few pieces of ice to the suspension and allowing
the mixture to stand in an ice bath for thirty minutes. The salt was
filtered and washed with, 50 ml. portions of ice-cold water, methanol,
and ether respectively. A small portion of the slightly moist salt was
found to decompose at 45°. If this diazonium salt is allowed to be-
come dry, it willdecompose spontaneously at room temperature. Thus,
it is necessary to proceed directly to the decomposition step without
drying and weighing the salt.
The slightly moist salt was transferred to a three-necked,
round-bottomed flask equipped with two condensers and covered with
petroleum ether (150 ml.; b.p. 60-90°). Decomposition began at
room temperature, and the flask was heated gently in order to facil-
itate smooth decomposition. When gas evolution subsided, the mix-
ture was refluxed gently for one hour to insure complete decompo-
sition. The solution was then cooled, concentrated hydrochloric acid
(10 ml.) was added, followed by removal of petroleum ether at re-
duced pressure. The petroleum ether distillate was extracted with
25% hydrochloric acid (25 ml.) and the acid extract returned to
the residue in the boiler. The acid solution was cooled to 10°, made
basic with sodium hydroxide solution, and the alkaline solution steam
distilled. Solid sodium hydroxide was added to the steam distillate
and the oil which separated removed. Ether extraction at this point
is not desirable since the product azeotropes with ether (4). The oil
was dried over sodium hydroxide and distilled to give 7.5 g. (38.5%)
of clear, colorless 3-fluoropyridine, b.p. 107-108° (763 mm.), njj"
1.4689 (lit. (4) b.p. 105-107° at 752 mm.; nD
"1.4700).
S.Fluoroquinoline.
3-Aminoquinoline (28.8 g.;0.20 mole) was dissolved in a mixture
of water (250 ml.) and concentrated hydrochloric acid (85 ml.) and
cooled to 0° with stirring. Diazotization of the cold solution was
performed by the dropwise addition of sodium nitrite (15.4 g.; 0.22
mole) in water (35 ml.). The amine hydrochloride, which began to
separate, disappeared as the diazotization proceeded. Precipitation of
the yellow 3-quinoline-diazonium hexafluorophosphate was accom-
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plished by addition of 65% hexafluorophosphoric acid (90 ml.), to
the cold, diazotized solution. After allowing the slurry to stand in
the ice bath for one hour, the yellow salt was filtered and washed
with cold 100 ml. portions of water, methanol, and ether respectively.
The air-dried salt weighed 58.7 g. (97.5% from the amine). The de-
composition point was found to be 96°.
The dry salt (30 g.) was transferred to a round-bottomed flask
and covered with dry toluene (150 ml.). A spiral condenser was
attached, and the flask was heated gently under the hood to facil-
itate smooth decomposition. Once decomposition began, it was rapid,
as evidenced by expulsion of white phosphorous pentafluoride fumes.
After gas evolution had moderated, the solution was gently refluxed
for one hour. The toluene was decanted and extracted with 50 ml.
portions of 30% hydrochloric acid, with the acid extracts being re-
turned to the decomposition flask. The acid solution was steam dis-
tilled to remove a small amount of toluene, then cooled to 15° and
neutralized with a 50% sodium carbonate solution. The steam dis-
tillation was continued whereupon white solid collected in the con-
denser and receiving flask. The solid, evidently a hydrae of 3-fluoro-
quinoline (7), was separated and the aqueous dstillate saturated with
sodium sulfate and extracted twice with ether (75 ml.). The white
solid was added to the ether extracts and dissolved; the resulting
solution was dried over anhydrous sodium sulfate. After removal of
ether at atmospheric pressure, 3-fluoroquinoline (7.0 g.; 45% from
the amine) dstilled, b.p. 96-97° (10 mm.), nD
*
5 1.5900 (lit. (7) b.p.
102° at 15 mm.; nD
" 1.5902).
In another experiment, the diazonium salt (58.7 g.) was de-
composed in heavy mineral oil (350 ml.) preheated to 100°. The pro-
duct, which was isolated by steam distillation and worked up as
above, weighed 14.1 grams (48%), b.p. 96-97° (10 mm.).
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Aromatic Aromatic % 7^- kit. % 7^ % 7^' Pyridol
Amine Fluoride (HBF4 method) Ref. (HPF6 method) (HPF6 method)
2-aminopyridine 2-fluoropyridine 34 (4) 20 39
2-amino-3-methyl- 2-fluoro-3-methyl- 48 (5) 32 28
pyridine pyridine
2-amino-4-methyl- 2-fluoro-4-methyl- 36 (6) 24 27
pyridine pyridine
2-amino-5-methyl- 2-fluoro-5-methyl- 46 (5) 39 22
pyridine pyridine
2-amino-6-methyl- 2-fluoro-6-methyl- 34 (6) 25 33
pyridine pyridine
3-aminopyridine 3-fluoropyridine 50 (4) 39
—
3-aminoquinoline 3-fluoroquinoline 53 (7) 48 —
97
Journal of the Arkansas Academy of Science, Vol. 22 [1968], Art. 1
Published by Arkansas Academy of Science, 1968
yld. obs. obs. rept'd rept'd lit.
Fluoropyridine grams (%) b.p. ref. ind. b.p. ref. ind. ref.
2-fluoropyridine 5.4 (20) 126° nD"1.4706 125° nD"1.4700 (4)
2-fluoro-3-methyl- 9.9 (32) 149-150° nD261.4686 150-151° not rept'd (5)
pyridine
2-fluoro-4-methyl- 8.4 (24) 155* nD
*51.4692 157° nD
251.4690 (6)
pyridine
2-fluoro-5-methyl- 12.0 (39) 156° nD"1.4680 155-156° not rept'd (5)pyridine
2-fluoro-6-methyl- 7.7 (25) 142-144° nD
*51.4675 142° nD"1.4673 (6)pyridine
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yld. obs. reported lit
Pyridol gms. (%) m.p. m.p. reference
2-hydroxypyridine 2.7 (39) 104-106* 106° (12)
2-hydroxy-3-methyl- 3.0 (28) 138* 140* (13)
pyridine
2-hydroxy-4-methyl- 2.9 (27) 127-128° 130f (14)
pyridine
2-hydroxy-5-methyl- 2.4 (22) 18? 183-184* (15)
pyridine
2-hydroxy-6-methyl- 3.6 (33) 159* 158» (16)
pyridine
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MATHEMATICS OF THE VARIATIONAND MOLE
RATIO METHODS OF COMPLEX DETERMINATION
J. O. Wear
Southern Research Support Center
Little Rock, Arkansas
INTRODUCTION
Two well known methods for complex determination have been
used for some time to obtain the ratio of the atoms, molecules, or
ions in the species. These are the Job variation method (1) as
modified by Vosburgh and Cooper (2) and the mole ratio method
(3).
The variation method works for most complexes where the
complex has a measurable property such as optical absorption that
is different from the reactants. The ratio of units in the complex
is determined by a maximum or minimum in a plot of AA (differ-
ence in expected and observed magnitude of a property) versus mole
fraction of one of the complexing agents. This maximum or minimum
is the intersection of two straight lines for a strong complex. For
a weaker complex there is an intersection of a line from the points
near mole fraction 1.0.
In the mole ratio method, the ratio of the units in the complex
species is determined by the inflection point in a plot of a property
such as optical absorption versus the mole ratio of the reactants.
This method only works for a strong complex.
Since both of the methods involve the intersection of two
straight lines in the limit of very strong complexes, one should be
able to develop equations for these lines. These equations would
explain why the method works and allow for further information
to be obtained from slopes and intercepts. This development is the
object of this discussion.
VARIATION METHOD
For the discussion of Ohe variation method, only the maximum
in A will be considered remembering that maximum can be re-
placed by minimum in all cases. A willbe considered as the dif-
ference between observed optical absorption and expected optical ab-
sorption at a given wavelength ifno complexing occurs.
Vosburg and Cooper (2) used the following equations:
AA = A
obs
" A
calc
-
b(aAcA
+ aBcB + ac +cc)-b [aftM (1-x)+a BMx]. (!)
(2)cc = M(l-x)-cA
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(3)cB = Mx-cc
for the reaction
(4)A + nB t ABn
Where b is the sample path length; aj is the absorptivity; c^ , Cg,
and cq are concentrations in the moles/liter of A, B, and ABn ,re-
spectively; M is the sum of the moles/liter of A and B initially; and
x is the mole fraction of B.
Initially for a strong complex, B is the limiting reagent and
the following equations are obtained:
c = 0 = Mx
-
ncc
C = MXL
n
C
-
M(l-x)
-
Mx:
"
nn
AA_ = (a -a -na )bMxI CAB
-jj-
(5)
Where AAj denotes A A before the maximum.
After the maximum A is limiting and will be essentially all
complexed, the following equations are obtained:
c =0 c n = Mx-nM(l-x) c_ = M(l-x)A B C
AAI3; ¦ (ac-aA-na B)bM(l-x) (6)
where A Ajj denotes A A after the maximum.
At the intersection of Equations (5) and (6):
Aa = Aa
I II
and
xn
which is the result of Vosburgh and Cooper for n.
Using Equations (5) and (6), (aQ-a^-nag) can be de-
termined in three ways — the slope of AAt versus x, the slope ofa inree ays m siupe uiuat r , tne siope i
Ajj versus x, and th/e intercept of ,AAjj at x = O. Since b, M,
and n are known and a^ and ap can be determined independently,
a q can be calculated. The average of the three values for aq
should give a dependable value.
Ifn < 1, the procedure works the same but the final equations
are slightly different:
AAj = (a -na -aB)bMx
AA
II
= (a
c
~
naA~aB) — (1"x>
n
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MOLE RATIO METHOD
Yoe and Jones (3) introduced the mole ratio method which
is applicable to strong complexes without any theory. In the follow-
ing, the mathematics of the mole ratio method willbe developed and
it willbe shown how absorptivities can be obtained.
Assuming that the complex formation is represented by the
following equation:
A + nB Z AB
n (4)
where A, B, and ABn can be atoms, molecules, or ions, the followingi g
can be written for some additive property such as optical absorption:
A " b(aACA+a BCB+a CCc) (7)
In Equation (7), b is the sample path length, aj is the absorptivity,,
cj is the concentration in moles 1 liter and C represents the com-
plex ABn.
For a strong complex where B is limiting:
cA
= c°
-
cc (8)
C
B
* CB
"
ncC ¦ 0 (9)
were the superscript represents the concentration assuming noi t
complex is formed. The added amount of A is held constant while
B is varied so c^ is a constant but c^ is varying with each addi-
tion of B. Substituting Equations (8) and (9) in Equation (7)
yields:
A = (ac
-
aA)bcc
+ aAbc A (10)
Now 0 v o
C 1 CA/ n (U)11
When Equation (11) is substituted for Cq in Equation (10) onep
obtains: / »bcA /C B \AT = (a -a ) I— + a Dbc°I C A „ co J B A (12)
\ A /
When enough B is added that A becomes limiting:
C
A
= ° (13)
cc
= CA (14)
C
B
= CB
"
nCC (15)
Now if Equations (13- (15) are substituted into Equation (7), one
obtains the following equation:
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A
II
= (ac"na B)bcA
+ 3Bbc B (16)
By multiplying the last term on the right hand side of Equation
(16) by (cj^/c£) one obtains:
A
II
= (aC-naB)bCn + aBbC A(CB /CA> (18)
Equations (12) and (18) willintersect at the point where
c°
C = B o
so that
c°
n
-
-S
cf
A
A plot of A A versus c /cj^ will give a straight line up to the
point where A becomes limiting, and then a change in slope will
occur. If a second complex is formed, the slope will depend on
it. When no further complexing occurs the plot willlevel off at a
constant value unless B absorbs at the wavelength.
From Equations (12 and (18) the a^ and a^
-
na R can bedetermined from intercepts at a mole fraction of 0. Then a@ ¦ a»
and ag can be determined from the slopes. Combining these findings
or using previous knowledge of a* and ag two independent values
of ac can be obtained.
APPLICATIONS
These methods have been used to determine absorptivities of
complexes of NpO^"*" with phenolthalein and complexes of NpO2
with oxalate (4). The absorptivities were determined for two com-
plexes each with a precision of better than \°/v. Using the absorp-
tivities, concentrations of all species were determined and then equi-
librium constants were calculated.
SUMMARY
From the slopes of the lines before and after the maximum (or
minimum) in the standard plots of optical absorption versus mole
fraction of complexing agent used in the variation method of com-
plex determination, the absorptivity of the complex can be de-
termined.
The mathematics of the mole ratio method have been developed,
and with this development, equations for the determination of ab-
sorptivities evolved. Thje slopes of the lines in the standard absorp-
tion versus mole ratio plots are used for the determination of ab-
sorptivities.
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PROETID TRILOBITE FROM THE BOONE
FORMATION IN ARKANSAS
John D. Taylor*
University of Arkansas
A chert fragment from the Boone Formation, Rago, Benton
County, Arkansas contains four
including the glabella, pygidium,
was collected by Dr. Burnal Ray
College, Cape Girardeau, Missouri
disassociated parts of a trilobite
and both free cheeks. The nodule
Knox of Southeast Missouri State
in the NW 1/4, Section 5 T. 20 N.,
R. 30 W. when he was a graduate student at the University of Ar-
kansas. He kindly presented the specimen to the Department of Ge-
ology. The author wishes to extend appreciation to Dr. James H.
Quinn, University of Arkansas for his cooperation in the prepara-
tion of the description of the trilobite which appears to belong to a
taxon new to science. The trilobite has been described and the decrip-
tion willbe published in the Journal of Paleontology or other suit-
able journal. The drawing (Plate 1, Figure 2) was made by Robert
Handford and the photographs (Plate 1, Figures 1& 2) by James
Edson. Both are graduate students in Geology at the University of
Arkansas.
Superfamily PROETACEA Salter, 1864
Family Proetidae Salter, 1864
Subfamily (Uncertain)
The trilobite has an elongate and elliptical exoskeleton and an
opisthoparian suture. The length (sagittal) of the cephalon is about
one half the width, (transverse). The broad flat cephalic portion
contrasts with the smaller pygidium.
The free cheeks have a flattened exterior border which is con-
vex at the extremity. There are more than six striations that extend
from the anterior part of the cephalon to the end of the genal spine.
Also the genal spine has moderate length. A prominent arcuate ridge
rises steeply above the flattened border. The small to medium-sized
eyes which are close to the glabella project above the raised area. The
palpebral lobes extend laterally above the eyes.
The glabella is broad, parallel-sided, and rounded anteriorly
and in cross-section exhibits moderate relief. The lateral preoc-
cipital lobes are large and prominent features. There are numerous
glabellar furrows present but the number is not equal on both sides.
The glabella appears to have been crushed slightly; thus some or
none of the glabellar furrows may be original features.
•Instructor of Geology
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The pygidium has a semi-circular and moderately convex shape
with the length about one half the width. There is a well defined
posterior border with more than ten striations. The axis is strongly
raised and extends almost to the border. The axial and pleural ribs
are also prominent features.
Remarks: There are reasons for supposing the disasssociated
parts represent a single trilobite. First, they are similar in size.
Second, presence of the pair of free cheeks suggsts a single indi-
vidual. Third, the parts can be assembled into an acceptable cephalon
and reconstruction. A question does arise however; why are the
thoracic segments not present? Also a rounded depression near the
glabella is unidentified. (Plate 1, Figure 1)
Repository: The specimen described here L-229 is in the Uni-
versity of Arkansas Collection and recorded in the Geology Depart-
ment Catalogue of Invertebrate Fossils at the University of Arkan-
sas.
REFERENCE
Harrington, H. J., and others, 1959, Arthropoda 1, pt. O of Treatise
on invertebrate paleontology: Geol. Soc. America and Univ.
Kansas Press, 560 p.
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PLATE 1
Figure 2
EXPLANATION OF PLATE 1
Figure 1. Chert fragment with four disassociated parts.
Free Cheeks
Right
—
Sagittal, 43 mm; transverse, 23 mm.
Left
—
Sagittal, 43 mm; transverse, 20 mm.
Glabella
Sagittal, 22 mm; transverse, 24 mm.
Pygidium
Sagittal, 21 mm; transverse, 38 mm.
Figure 2. Reconstruction
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OSAGEAN TRILOBITES IN ARKANSAS
John D. Taylor*
University of Arkansas
One complete and a second essentially complete trilobite and
thirteen molds of trilobite pygidia have been collected from several
localities in the Boone Formation. All but one of the specimens
figured is from Washington County, Arkansas. Figure 3 represents
a trilobite pygidium from southwest Missouri in SW 1/4, Section
14, T. 21 N., R. 33 W. Many of the trilobite specimens (Plate 1,
Figures 4 & 5) were collected in NE 1/4, NW 1/4, Section 28, T. 17
N., R. 30 W. and kindly donated to the Geology Department by Leo
Carson Davis, a graduate student in Geology. The complete trilobite
specimen (Plate 1, Figure 2) was collected by Charles Dickey,
Bentonville, Arkansas in NW 1/4, SW 1/4, Section 28, T. 20 N., K.
30 W. The essentially complete trilobite specimen (Plate 1, Figure 1)
wata found inNW 1/4, SW 1/4, Section 16, T. 16 N., R. 11 W. by
Dr. Edward E. Dale and John P. Sullins, graduate student. Photo-
graphs figured in Plate 1 were made by James Edson, graduate stu-
dent, University of Arkansas.
Superfamily PROETACEA Salter, 1864
Family Phillipsiidae Oehlert, 1886
The cephalon has a distinct glabella which expands anteriorly
and extends to the anterior margin. The glabellar front is nearly
vertical. The eyes are medium to large and medial in position. A
prominent tubercle is present at the center of the occipital ring of
most taxa in the family. The occipital ring is a strongly expressed
feature in the posterior part of the cephalon. The lateral preoccipital
lobes are small and less strongly developed. The specimens are sim-
ilar to Griffithides Portlock 1843. The thorax has nine segments
which are distinct. The pygidium is multisegmented and the axial
rings range in number from seven to thirty-three and the pleural
ribs, six to fourteen. All of the figures except figure 1 of Plate 1
are rubber latex casts made from the original fossil molds.
Repository: The trilobites of Plate 1 are in the University of
Arkansas Collection and recorded in the Geology Department Cata-
logue of Invertebrate Fossils at the University of Arkansas.
REFERENCE
Harrington, H. J. and others, 1959, Arthropoda 1, pt. O of Treatise
on invertebrate paleontology: Geol. Soc. America and Univ.
Kansas Press, 560 p.
*Instructor of Geology
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PLATE 1
EXPLANATION OP PLATE 1
Figure 1. Dorsal view of essentially complete trilobite. University
of Arkansas Collection. L
-
230.
Measurements: Sagittal, 52 mm.; transverse, 34 mm.
Figure 2. Dorsal view of complete trilobite. L - 231.
Measurements: Sagittal, 40 mm.; transverse, 23 mm
Figure 3. Dorsal view of pygidium. L
-
233
Measurements: Sagittal, 14 mm.; transverse, 14 mm
Figure 4. Dorsal view of pygidium. L
-
232
-
1
Measurements: Sagittal, 10 mm.; transverse, 13 mm.
Figure 5. Oblique dorsal view of pygidium. L - 232
-
2.
Measurements: Sagittal, 9 mm.; transverse, 11 mm
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AN ARKANSAS TRILOBITE FROM LOWER
ORDOVICIAN ROCKS
John D. Taylor*
University of Arkansas
The cast and mold impressions of a complete trilobite (Plate 1)
have been collected from the Powell Formation of Lower Ordovician
Age in Marion County, south of Yellville, Arkansas. The approx-
imate location is NE 1/4, Section 21, T. 18 N., R. 16 W. near the
place where Arkansas Road Number 14 crosses Mill Creek. The
specimens were collected by an unidentified science student of the
YellvilleHigh School. Mr. George Wheeler, Principal of Green Forest
Grade School, was a Biology teacher at YellvilleHigh School at the
time. He believed the specimens were found in the early 1950's but
wasn't sure of the exact date. Mr. Doyle Davenport, Superintendent
of the Yellville-Summit School System, kindly gave the author per-
mission to place the cast and mold impressions* in the University of
Arkansas Museum. The author expresses appreciation to Dr. James H.
Quinn, University of Arkansas, for his cooperation in the preparation
of this announcement and description of the trilobite which appears
to be new to science. The photographs were made by James Edson
who is a graduate student in Geology at the University of Arkansas.
Superfamily ASAPHACEA Burmeister, 1843
Family Asaphidae Burmeister, 1843
Subfamily Isotelinae Angelin, 1854
The trilobite has an elliptically-shaped exoskeleton with an
opisthoparian suture. The suture is similar to Lannaeua nfiricienais
(Wiman) but the posterior part projects more laterally toward the
genal area. The cephalon and pygidium are nearly equal in size
and both have a wide, distinct flattened border. The length (sagittal)
is about one half the width (transverse). The obscurely defined gla-
bella is expanded in front of the eyes and also near the posterior
border of the cephalon. The eyes are of medium size and are situated
near the mid-line of the cephalon and adjacent to the glabella.
The thoracic section contains eight segments and the axial and;
pleural furrows are distinct. The thorax is similar to Lannacus
neridensis (Wiman) although the thoracic axis is slightly wider than
the pleural regions.
The pygidium has a wide, distinct flattened border. The elevated
axial and pleural fields are smooth and lacking in segmentation. The
weakly defined axis widens anteriorly. The junction of the thorax
and cephalon and pygidium are convex anteriorly.
""Instructor of Geology
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EXPLANATION OF PLATE 1
Figure la. Concave impression
Triobite — Sagittal, 72 mm., transverse, 45 mm.
Cephalon — Sagittal, 23 mm., transverse, 45 mm.
Pygidium — Sagittal, 28 mm., transverse, 42 mm.
Figure lb. Convex impression
PLATE 1
/
Figure la <
Figure lb
112
Journal of the Arkansas Academy of Science, Vol. 22 [1968], Art. 1
https://scholarworks.uark.edu/jaas/vol22/iss1/1
